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In  entering  upon  the  labor  incident  to  the  preparation 
of  a  work  purporting  to  treat  comprehensively  of  the  physi- 
ology of  man,  the  author  appreciated  the  magnitude  of  the 
undertaking ;  and  the  special  study  which  it  necessarily  de- 
manded has  not  diminished  that  diffidence  with  which  a 
student  of  any  of  the  natural  sciences  puts  forward  a  book 
which  he  hopes  may  add  somewhat  to  existing  knowledge, 
or  fairly  represent  what  is  known  in  any  particular  depart- 
ment. In  assuming  so  grave  a  responsibility,  the  author 
should  be  actuated  by  a  sense  of  peculiar  fitness  for  his  task, 
as  well  as  a  conviction  that  literature  demands  such  a  work 
as  he  proposes  to  -write.  Without  assuming  these  good  and 
sufficient  reasons,  the  author  of  the  present  volume  pleads  an 
earnest  desire  to  advance  the  science  of  physiology  and  facili- 
tate its  study ;  and  he  indulges  the  hope  that  he  may  be  in- 
strumental in  making  the  student  and  practitioner  of  medi- 
cine better  acquainted  with  what  must  be  conceded  to  be  the 
basis  of  true  pathology,  and  interest,  to  some  extent,  the  gen- 
eral reader  in  the  all-important  subject  of  human  physiology. 

The  plan  of  the  present  work  involves  a  consideration  of 
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pm-e  Luiiiaii  physiology,  and  will  embrace  physiological 
cheiuistry  and  the  anatomy  of  the  tissues  and  organs  of  the 
body,  OBly  go  far  as  nece&sary  for  the  elocidation  of  the  func- 
tioBS  of  the  organism.  Though,  undouhtedlyj  the  chemistry 
and  general  anatomy  of  the  tissues  and  organs  strictly  belong 
to  pbyBiology,  they  present  many  points  which  have  no  bear- 
ing, that  we  are  as  yet  able  to  comprehend^  tipoo  the  fimc- 
tions.  In  the  present  condition  of  the  science^  a  considera- 
tion of  these  would  only  encnmber  and  obficnre  tlie  history 
of  the  physiological  processes,  While  it  is  uudonbteclly  trno 
that  evGTj  advance  in  pliysiological  chemistry  or  histology 
will  have  its  bearing^  sooner  or  later,  upon  physiology,  it  is 
evideiit  that  discoveries  in  these  departments  must  be  multi- 
plied and  coordinated  Ijefore  their  relations  to  the  functions 
can  be  fully  appreciated.  Until  then  they  ai^  specially  inter- 
esting only  m  a  chemical  and  anatomical  point  of  view.  In 
Uie  same  way  every  discovery  in  physiology,  no  matter  how 
unimportant  it  may  at  fii^t  appear  in  a  practical  point  of 
view,  will  eventually  have  its  bearing  upon  practical  medi- 
cine, surgery,  or  obstetrics;  yet  it  will  not  find  its  way  into 
works  on  those  subjects  until  its  I'elations  become  apparent. 

As  an  introduction  to  the  study  of  phj^ology  proper,  a 
certain  amount  of  knowledge  of  physiological  chemistry  is 
indispensable.  It  is  in  this  direction  that  wo  are  to  look  for 
advances  which  will  enable  us  to  comprehend  the  processes 
of  nutrition,  the  end  and  object  of  all  the  vegetative  functions 
of  the  body.  The  introductiouj  then,  is  devoted  to  physiolog- 
ical chemistry,  Xo  attempt  has  been  made  to  treat  of  tliis 
subject  exhaustively,  or  to  include  a  consideration  of  all  the 
proximate  principles  which  have  been  isolated  and  studied, 
As  the  general  properties  and  relations  of  the  different  classes 
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of  proximate  principles  are  by  far  the  most  important  to  ns  as 
physiologists,  these  have  been  specially  dwelt  npon,  and 
their  relations  to  nutrition  followed  out  as  completely  as 
possible,  with  our  present  knowledge.  A  consideration  of 
the  excrementitious  proximate  principles,  being  connected 
exclusively  with  excretion,  has  been  deferred,  to  be  taken  up 
in  connection  with  that  fiinction. 

In  treating  of  physiology  proper,  it  has  been  the  design 
of  the  author  to  present  what  is  actually  known  regarding 
the  functions  of  the  body ;  and  in  order  to  facilitate  their 
study,  he  has  generally  commenced  the  consideration  of  in- 
dividual ftmctions  with  a  sketch  of  the  physiological  anat- 
omy of  the  parts.  This  is  the  natural  point  of  departure  in 
the  thorough  investigation  of  any  special  function. 

The  science  of  physiology  dates  from  the  earliest  periods 
in  the  history  of  medicine;  and  certain  important  physio- 
logical facts  were  demonstrated  experimentally  hundreds  of 
years  ago.  While  the  author  has  regarded  purely  historical 
considerations,  and  discussions  of  mere  theoretical  questions, 
as  unprofitable,  he  has  attempted  to  give  due  credit  to  those 
who,  by  their  experiments  and  observations,  have  contributed 
to  bring  the  science  to  its  present  condition.  With  this  view, 
he  has  procured  and  consulted,  as  far  as  possible,  accounts  of 
original  investigations ;  but  from  the  poverty  in  physiologi- 
cal works  of  the  public  libraries  to  which  he  has  had  access, 
it  has  been  necessary  to  depend  to  a  certain  extent  on  the 
exhaustive  treatises  on  physiology  published  in  other  coun- 
tries. Though,  undoubtedly,  he  has  been  unable  in  all  in- 
stances to  give  due  credit  to  every  observer,  this  has  been 
attempted  as  far  as  possible. 

It  is  an  undoubted  fact  that  nearly  all  the  important 


8  PREFACE. 

developments  in  physiology  have  been  the  result  of  experi- 
ments upon  living  animals,  by  vivisections  or  otherwise,  or 
accurate  experimental  observations  upon  the  human  subject. 
The  great  extension  of  this  method  of  study  is  the  cause  of 
the  rapid  advances  the  science  is  making  at  the  present  day. 
For  some  years  the  author  has  been  in  the  habit  of  employ- 
ing vivisections  in  public  teaching,  and  in  this  way  has  fre- 
quently verified  the  observations  of  the  earlier  as  well  as  the 
more  modem  physiologists.  A  frequent  repetition  of  experi- 
ments has  often  enabled  him  to  reconcile  the  discordant  results 
of  the  observations  of  others ;  and  following  out  new  questions 
wliich  have  presented  themselves  in  the  constant  observa- 
tion of  the  living  organs,  he  has  advanced  some  original 
views  regarding  certain  of  the  functions.  A  new  method  is 
likewise  presented  for  the  analysis  of  the  blood  with  reference 
to  its  organic  constituents. 

The  plan  of  publication  of  the  present  work  is  one  which 
is  novel  in  this  country,  but  w^hich  has  been  adopted  abroad, 
particularly  in  France,  in  altnost  all  elaborate  treatises  on  phys- 
iology. It  is  to  be  issued  in  separate  parts,  each,  however, 
forming  a  distinct  treatise  devoted  to  natural  subdivisions  of 
the  subject.  The  volume  now  issued  embraces  an  Introduc- 
tion, the  Blood,  Circulation,  and  Respiration.  The  remain- 
ing volumes,  three  in  number,  will  be  issued  yearly  until  the 
work  is  finished,  and  will  likewise  be  severally  complete  in 
themselves.  Simple  and  well-known  anatomical  and  physi- 
ological points  have  not  been  illustrated  by  engravings, 
which  have  only  been  introduced  where  they  seemed  neces- 
sary to  elucidate  the  text. 

New  York,  October,  1865. 
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INTRODUCTION. 

General  considerations — ^Vital  properties  of  organized  structures — ^Proximate  prin- 
dples — Inorganic  principles — Organic  non-mtrogenized  prindples — Organio 
nitrogenized  principles. 

The  epoch  of  purely  spectilative  reasoning,  without  the 
basis  of  estabb'shed  facts  sufficient  to  justify  any  connected 
theories,  belongs  to  the  remote  history  of  Natural  Science. 
The  ideas  of  the  great  philosophers  of  ancient  times,  who 
studied  Nature  by  what  may  be  called  the  intuitive  method, 
have  been  gradually  giving  place  to  doctrines  based  on  the 
observation  and  investigation  of  phenomena.  Ages  of  obser- 
vation and  generalization  of  facts  by  the  greatest  intellects 
have  put  us  but  little  beyond  the  threshold  of  the  great 
domain  of  Science.  But  we  have  learned  enough  to  know 
that  all  Nature  is  regulated  by  immutable  laws.  Students 
of  her  divine  mysteries  should  be  more  than  content  if  per- 
mitted to  discover  some  of  the  truths,  the  development  of 
which  marks  the  scientific  advancement  of  each  succeeding 
age,  though  they  may  seem  an  insignificant  portion  of  what 
18  to  be  learned.  It  is  only  by  accurate  observation  and 
generalization  of  a  sufficient  number  of  phenomena,  that  the 
laws  of  Nature  are  to  be  discovered.     They  are  the  creation 
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of  aii  infinite  wisdom  ivliich  Dever  errs.  We  cannot  hope  to 
arrive  at  a  knowledge  of  them  Ly  pure  rea&oning;  or  by 
assuming  that  tliej  are  in  accoixiaiifo  with  definite  principles^ 
too  often  the  offspring  of  our  own  limited  intellects,  Kever- 
theless,  it  is  a  physiological  attribute  of  the  bim^an  mind  to 
desire  to  press  on  in  advance  of  observation,  and  to  form 
theories,  which  may  or  may  not  be  e^uried  out  by  the  suc- 
ceeding development  of  actual  knowledge*  Tlieories  which 
are  not  built  upon  false  or  imperfectly  observed  phenomena, 
are  the  pioneers  of  actual  discovery.  When  theoretical  pre- 
conceptions are  justified  and  coiToeted  hy  original  observa- 
tions and  experiments,  with  the  brain  to  conceive  and  the 
will  to  execute,  man,  in  thus  working  out  the  great  problems 
of  Kature,  is  fidfiJling  one  of  tlita  highest  purposes  of  his 
existence, 

'\?ith  the  few  facts  which  were  at  first  known,  the 
ancient  speculative  iJiilosopliy  professed  to  embrace  the 
whole  of  natural  science;  Vmt  as  discoveries  were  made  in 
diflerent  departments,  a  division  of  labor  became  necessary. 
We  now  find  different  classes  of  scientific  men,  each  working 
in  a  particular  spliere ;  as  in  the  lower  zoological  divisions, 
a  single  organ  performs  all  the  varied  functions  of  nutrition, 
while  in  the  higher  orderSj  when  the  processes  of  life  are 
more  intricate  and  complicated,  tlie  system  is  divided  up 
into  elaborately^organized  parts,  each  of  which  has  an  allotted 
office. 

From  the  time  of  Galen  may  be  said  to  date,  as  distinct 
from  astronomy,  chemistry  (or  ratlier  alchemy),  physicSj  &c., 
the  science  which  is  now  called  PHVsiotoot, 

Phpiology,  from  its  etymology,  signifies  the  science  of 
Nature ;  but  in  the  sense  in  which  the  term  is  now  used,  it 
may  be  defined  to  he  the  science  of  life.  More  elaborate  defi- 
nitions have  been  given,  but  they  only  qualify  and  explain  the 
meaning  of  what  we  know  as  life* 

A  natural  division  of  physiology  is  into  animal  and 
vegetable;  and  again,  into  the  physiology  of  the  inferior 
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animals  as  compared  with  man,  or  comparative  physiology, 
and  the  Physiology  of  Man.  The  latter,  which  is  the  sub- 
ject of  the  present  work,  is  pecnliarly  interesting  to  the 
physician,  as  the  basis  of  all  accurate  knowledge  of  the 
science  of  medicine. 

In  the  early  history  of  physiological  science,  the  develop- 
ment of  anatomy  necessarily  gave  us  much  information  con- 
cerning the  fdnctions  of  the  body ;  and  we  now  have  to 
acknowledge  our  continual  indebtedness  to  anatomical  inves- 
tigations, particularly  those  made  with  the  aid  of  the  micro- 
scope, for  important  advancements  in  physiology.  In  treating 
of  the  subject,  it  is  impossible  to  neglect  what  is  most  appro- 
priately called  the  physiological  omaU/my  of  parts,  a  knowl- 
edge of  which  alone  enables  us,  oftentimes,  to  comprehend 
their  functions.  For  example,  we  can  scarcely  conceive  how 
the  anatomy  of  the  circulatory  system  could  be  clearly  under- 
stood without  giving  us  a  knowledge  of  its  physiology. 

Chemistry,  also,  when  the  components  of  the  body  are 
studied  in  such  a  way  as  not  to  destroy  their  properties  as 
organic  compounds,  has  a  most  important  bearing  on  the 
advancement  of  physiology.  As  a  striking  example  of  this, . 
we  may  take  the  discovery  of  the  properties  of  the  gases  of 
the  air  and  their  relations  to  the  blood  by  Lavoisier,  which 
gave  us  the  first  definite  ideas  regarding  the  essential  phe- 
nomena of  respiration.  We  are  now  largely  indebted  to 
modem  physiological  chemistry  for  a  knowledge  of  many  of 
the  essential  phenomena  of  life,  and  look  to  a  further  develop- 
ment of  this  science  for  an  elucidation  of  many  important, 
but  still  obscure,  questions  connected  with  nutrition. 

Certain  physiological  functions  are  in  exact  accordance 
^th  established  physical  laws;  which  are  competent,  for 
example,  to  explain  the  refiraction  in  the  structures  of  the 
eye,  or  the  conduction  of  vibrations  in  the  ear.  Physical 
Ws  are  involved  in  most  of  the  phenomena  of  life,  but  are 
generally  more  or  less  modified  by  the  peculiar  properties  of 
organized  bodies. 
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Many  of  the  phenomena  of  h'fe  are  made  clear  by  a 
comparison  of  the  physiology  of  man  with  that  of  the  infe- 
rior animals,  which  is  often  simpler  and  more  easily  investi- 
gated. 

As  physiology  is  the  natural  and  only  correct  basis  of 
pathology,  we  frequently  derive  important  information  as 
to  the  lunctions  of  parts  by  studying  the  effects  of  disease, 
by  which  their  functions  are  modified  or  abolished.  The 
experiments  thus  performed  by  Nature  on  the  human  system 
are  frequently  more  instructive  than  those  which  we  make 
on  the  inferior  animals. 

As  the  complement  to  anatomy,  human  and  comparative, 
organic  chemistry,  and  pathology,  wo  have  as  the  most  pre- 
cious and  fruitful  means  of  physiological  investigation,  direct 
observation  of  the  phenomena  of  life  in  man  and  the  inferior 
animals,  and  experiments  on  animals  by  vivisections.  The 
present  condition  of  physiology  is  a  testimony  of  the  incal- 
culable value  of  this  method  of  study.  Were  it  consistent 
with  our  i)lan  to  follow  out  the  general  development  of  the 
science  from  an  historical  point  of  view,  we  should  find  the 
names  of  Uarvey,  Aselli,  Haller,  Hales,  Spallanzam',  Ed- 
wards, Bichat,  Bell,  Majendie,  and  a  host  of  others,  bearing 
witness  by  their  works  to  the  value  of  vivisections  in  physio- 
logical investigations ;  to  say  nothing  of  the  great  observers 
of  the  present  day,  who  are  constantly  adding  to  our  knowl- 
edge. The  field  would  l)e  sterile  indeed  were  it  not  for 
experiments  on  living  animals ;  and  the  loss  to  the  science 
which  has  for  its  object  the  alleviation  of  the  sufferings  of 
mankind,  would  have  been  incalculable,  had  physiologists 
been  unwilling,  from  false  motives  of  humanity,  to  inflict 
pain  upon  the  lower  animals,  which  is  to  a  certain  extent 
unavoidable  in  experimentation. 

Physiological  literature,  in  the  great  Elementa  Physido- 
ffia  of  Haller,  which  belonged  to  a  past  generation,  and 
the  elaborate  systematic  works  of  Berard,*  Longet,  Miiller, 

^  Deranl  did  not  live  to  complete  his  great  work  on  physiology.     He  died 
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and  other  experimentalists  of  the  present  generation,  fur- 
nishes abundant  proof  that  the  faculty  of  observation  and  the 
power  of  generalization  are  not  necessarily  inconsistent  with 
each  other. 

It  would  be  futile  to  attempt  to  point  out  all  the  difficul- 
ties and  sources  of  error  in  experimentation  on  living  animals. 
These  must  be  overcome  by  the  physiologist  after  he  has 
become  practically  acquainted  with  them.  It  must  be  borne 
in  mind,  however,  that  we  are  interrogating  Nature ;  and 
our  sole  aim  must  be  to  put  our  questions  intelligently  and 
interpret  the  answers  correctly.  She  does  not  unfold  her 
mysteries  to  the  careless  and  inconsiderate  observer.  An 
accident  may  lead  the  reflecting  student  to  frame  a  particular 
set  of  experiments,  for  tlie  explanation  of  an  unexpected 
phenomenon ;  but  we  should  go  to  work  with  an  idea  of  what 
we  wish  to  know,  always  ready  to  correct  or  abandon  our 
most  cherished  preconceived  notions  if  we  find  they  are  not 
in  accordance  with  facts.  Experiments  should  not  be  isolat- 
ed. A  golden  opportunity  is  thrown  away  if  we  stop  short 
of  the  end  in  a  legitimate  series  of  investigations ;  for  none 
are  better  fitted  to  go  through  the  later  steps  of  a  natural 
series  of  experiments  than  they  who  have  conceived  and 
executed  the  first. 

With  the  many  vaiying  conditions  of  the  system  which 
inevitably  occur  in  living  animals,  it  is  almost  unnecessary  to 
add  that  an  important  observation  should  be  repeatedly  con- 
firmed, and  the  answer  to  our  experimental  inquiries  obtained, 
if  possible,  in  different  ways.  It  must  be  remembered  that 
Nature  never  contradicts  herself,  and  has  no  exceptions. 
Her  laws  are  invariable ;  and  if  experiments  are  apparently 
contradictory,  we  must  look  for  differences  in  the  conditions 

sbortly  after  he  had  commenced  the  publication  of  the  fourth  volume  in  1865.  Tho 
?f^^igomene$^  and  the  sections  on  digestion,  absorption,  the  blood,  respiration, 
^  drcolation,  are  perhaps  the  most  candid,  exhaustive,  and  best  considered 
^"»y8  on  these  subjects  in  any  language.  Science  suflTered  a  great  loss  when 
^  utthor  was  thus  cut  off  in  the  midst  of  his  labors. 
2 
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under  wliich  the  observations  were  made.  It  would  be 
always  possible  to  reconcile  discordant  results  of  observations, 
were  we  able  to  entirely  appreciate  the  conditions  under 
which  they  were  made.  For  this  reason,  a  practical  physiolo- 
gist, if  entirely  unbiassed,  is  most  competent  to  judge  of,  and 
assimilate,  the  observations  of  others. 

Vital  Properties  of  Organized  8t/ruct/ares. — ^In  com- 
mencing the  study  of  physiology,  we  should  have  some  idea 
of  the  physiological  chemistry  of  the  body,  comprehending 
fully,  in  the  first  place,  what  is  meant  by  life,  or  the  vital 
properties  of  the  tissues. 

The  tissues  which  are  endowed  with  vitality  are  in  a 
state  of  continual  metamorphosis,  more  or  less  active  accord- 
ing to  their  degree  of  organization.  They  are  constantly 
undergoing  transformation  into  what  are  known  as  effete 
matters  and  have  the  property  of  appropriating,  in  the  great 
majority  of  instances  from  the  blood,  material  for  their  re- 
generation. In  other  words,  under  proper  conditions,  living 
tissues  have  tlie  property  of  self-regeneration.  This  constant 
waste,  or  physiological  disintegration,  is  known  under  the 
name  of  destructive  assimilatian,  and  its  products  are  called 
excretions.     The  power  of  self-regeneration  is  called  nutrition. 

This  property  affects  all  the  constituents  of  the  body 
without  exception.  We  shall  see  that  physiological  chemis- 
try divides  the  constituents  of  the  organism  into  organic  and 
inorganic  principles ;  the  latter  being  identical  with  princi- 
ples found  in  the  inorganic  world.  Inorganic  principles,  in 
the  living  body,  are  always  in  union  with  organic  principles ; 
they  are  regularly  thrown  off  with  the  products  of  their  de- 
structive assimilation,  and  are  supplied  to  the  parts,  as  a 
necessity  of  nutrition.  They  never  exist  in  their  crystalline 
form,  in  which  they  so  commonly  occur  in  the  inorganic 
kingdom.*     Every  part  of  the  body  either  is,  or  has  been, 

*  There  is  a  angle  exception  to  this  law  in  the  crystals  of  carbonate  of  lime 
which  are  found  in  the  internal  ear,  constituting  the  otoconiea  or  otoliths. 
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endowed  with  life.  Some  are  desquamated  and  reproduced, 
like  the  nails,  hair,  or  epidermis ;  some  are  worn  away  and 
not  reprodaced,  like  the  enamel  of  the  teeth ;  but  they  are 
all  subject  to  vital  laws  in  their  formation,  and  the  exceptions 
to  the  law  that  each  tissue  has  the  property  of  self-regenera- 
tion are  very  few. 

The  power  of  self-regeneration  of  organized  tissues  does 
not  exist  indefinitely.  After  a  time  the  tissues  fail  to  appro- 
priate enough  organic  matter  to  entirely  supply  the  waste ; 
they  gradually  degenerate,  and  finally  die,  as  a  necessary 
condition  of  their  existence.  The  activity  of  the  regenerat- 
ing powers  seems  to  depend  on  the  proportion  of  organic 
matter  which  the  tissues  contain.  In  childhood,  when,  as  a 
condition  of  growth,  the  nutrition  is  greater  than  the  waste, 
the  organic  matter  of  the  tissues  is  in  excess.  In  old  age 
calcareous  deposits  are  frequent,  and  the  inorganic  matter 
m  all  parts  is  in  excess,  until  finally  the  organs  become  inca- 
pable of  performing  their  functions. 

The  properties  above  mentioned  serve  to   distinguish 
organized  living  bodies  from  those  not  endowed  with  life. 
Man,  in  the  general  properties  of  his  tissues  and  organs, 
does  not  differ  from  the  higher  classes  of  the  inferior  animals, 
as  the  mammalia.     Their  tissues  are  as  highly  organized, 
and  the  various  functions  connected  with  nutrition,  such  as 
secretion,  digestion,  circulation,  respiration,  etc.,  are  essen- 
tially the  same.    In  some  instances,  as  in  the  digestive  func- 
tion of  some  of  the  herbivora,  the  process  is  even  more 
elaborate  than  in   the  human  subject.      For  this  reason, 
with  proper  precautions,  we  can  apply  without  hesitation 
most  experiments  on  the  mammalia  to  the  physiology  of 
man. 

To  the  development  of  the  great  centre  of  the  nervous 
Bystem,  man  owes  his  preeminence  in  the  animal  scale.  In 
the  words  of  Longet :  "  In  his  psychical  relations,  but  in 
these  only,  man  can  constitute  a  distinct  kingdom.  Physi- 
has  specially  in  view  the  acts  which  assimilate  man  to 
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animalB ;  it  belongs  to  psychology  to  study  and  make  known 
the  faculties  which  separate  him  from  them."  * 

Even  without  accidents,  physiological  death  is  a  necessity 
of  existence  ;  but  nature  has  provided,  as  one  of  the  most  im- 
portant attributes  of  organization,  a  mfeans  by  which  organ- 
ized bodies  may  be  perpetuated  through  all  ages.  In  the  fully- 
developed  organism  are  produced  two  kinds  of  organic  ele- 
ments, the  male  and  the  female.  These,  when  brought  in 
contact  with  each  other  under  proper  conditions,  are  capable 
of  being  developed  into  a  new  being,  similar  in  organization 
to,  and  designed  to  take  the  place  of,  the  one  which  is  to  pass 
away.  These  new  beings  are  generated  in  sufficient  number 
to  insure  the  perpetuation  of  the  species. 

The  excrementitious  products  of  the  body  during  life,  and 
the  body  itself  after  death,  changed  by  the  pecidiar  process 
of  putrefaction,  are  returned  to  the  earth  and  to  the  air,  and 
contribute  to  the  nutrition  of  the  vegetable  kingdom.  The 
vegetables,  in  their  turn,  ai*e  consumed  in  the  nutrition  of 
animals.  All  the  elements  necessary  to  nutrition,  except 
oxygen,  are  taken  into  the  alimentary  canal  as  food.  Our 
food  consists  either  of  vegetables,  or  the  flesh  of  animals  that 
are  nourished  by  vegetables. 


PROXIMATE  PRINCIPLES. 

From  the  preceding  general  remarks,  it  is  evident  that 
physiology,  to  be  systematically  and  properly  studied,  must 
be  connected  with  physiological  anatomy  and  chemistry. 
The  physiological  anatomy  of  special  organs  and  systems 
naturally  precedes  the  consideration  of  their  functions ;  and  in 
treating  of  the  functions  of  other  parts,  more  especially  the 
nutritive  and  excrementitious  fluids  and  the  secretions,  we 
are  unavoidably  leil  to  consider  fully  their  chemical  constitu- 
tion.    There  an%  however,  tH?rtaiu  constituents  of  the  body, 

*  LosQCT,  Train  nh  Phytioioffity  l\iris,  1861,  tome  L,  p.  xxviil 
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a  fall  consideration  of  which,  in  connection  with  special 
fanctions,  would  be  out  of  place,  as  well  as  many  points  in 
physiological  chemistry,  showing  the  relations  of  the  diflferent 
elements  to  nutrition,  etc. ;  hence  is  desirable,  as  an  intro- 
duction to  physiolo^  proper,  a  brief  review  of  the  prox- 
imate principles  of  the  economy.  In  this  introduction  it  is 
not  proposed  to  treat  exhaustively  of  physiological  chemistry. 
Such  principles  as  will  demand,  from  their  connection  with 
special  functions,  extended  consideration  in  another  plac€, 
are  omitted  or  simply  alluded  to,  as  well  as  some  which  have 
a  very  unimportant  or  obscure  function. 

If  we  were  to  study  the  constitution  of  the  body  from  a 
purely  chemical  point  of  view,  it  would  be  divided  into 
elementary  substances,  or  those  which  are  absolutely  incapa- 
ble of  farther  subdivision.  In  this  way  we  should  lose  all 
distinction  between  organic  matters  and  those  which  enter 
indifferently  into  the  composition  of  all  bodies  in  Nature, 
whether  inert  or  endowed  witli  vital  properties.  After 
having  thus  ascertained  the  ultimate  constitution  of  the 
organism,  we  have  learned  all  that  is  possible  by  this  method ; 
for  we  are  already  familiar  with  the  properties  and  be- 
havior of  elementary  matter,  as  obtained  from  the  inorganic 
kingdom. 

In  physiological  chemistry  this  method  is  inadmissible. 
The  substances  which  are  presented  for  our  study  in  the 
living  organism  are  endowed  with  vital  properties.  Their 
Tiltimate  composition  is  of  little  consequence  compared  with 
a  knowledge  of  the  laws  which  regulate  their  behavior,  not 
as  elements,  but  as  constituents  of  an  elaborate  vital  organi- 
zation. 

We  can  separate  from  the  organism  of  animals  substances 
of  a  peculiar  nature  which  are  never  found  in  the  inorganic 
^orld.  These  demand  our  special  consideration.  If  we 
attempt  to  study  them  by  the  ordinary  chemical  processes  of 
^alysis,  they  are  destroyed  and  lose  their  properties  as 
organic  principles. 
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Com^jined  with  these  organic  principleH  we  always  have 
a  certain  proportion  of  inorgaxiic  iiiatters  which  niajj  it  k 
true,  be  separated  from  them  eatsily,  and  appamntly  withont 
deeomposition,  Lnt  which  are,  notwithstanding,  neeesflary  ta 
the  peculiar  properties  hy  whieli  we  pccognize  organic  anb- 
Btances,  Their  physiological  union  k  so  intimate  that  they 
may  justly  !)g  considered  m  organiCj  though  originating  in 
the  inoi^anic  kingdom. 

Chemistry  recognizes  fifty-nine  elementary  guhstances,  of 
which  some  fifteen  or  eigliteen  enter  into  the  constitution  of 
the  human  body ;  but  as  phyBiologists,  we  mnst  make  a 
divkion  of  the  body  into  component  principles,  without 
reference  to  the  elementary  substances  thetnaelves,  hot  with 
a  yiew  to  the  forui  and  condition  of  their  existence  in  the 
organism.  Ab  we  have  Been  that  the  distinguishing  properties 
of  organic  principles  are  destroyed  when  they  are  reduced  to 
their  nltiraate  elementSj  it  is  evident  that  many  or  most  of 
the  principles  into  w^hich  tlie  body  is  divided  physiolo^eically 
are  compound  substances. 

From  this  point  of  view,  the  organism  may  be  said  to  be 
composed  of  I?nmediaU  or  Prmn^mMe  Prm^Aples, 

A  Pro-Mfi^afe  Principh  may  be  defined  to  be  a  suhst^fO^ 
msi^mded  from  tJt^  hody^  Schick  cannot  he  further  mihdmid^d 
wlth(mt  eh^^miml  decmnpomUon-  and  lom  of  Us  eh^raeimsiic 
properties. 

According  to  Kohin  and  Verdeil,  there  exist  from  eighty- 
five  to  ninety  distinct  proximate  principles  in  the  human 
body/ 

The  distinction  between  proximate  principles  and  chem- 
ical elements  is  appai*ent  from  the  definition  above  given. 
To  illustrate  this  difference^  however^  wo  may  take  the  fol- 
lowing example.  Chloride  of  sodinni  is  an  important  proxi- 
mate principle^  and  is  composed  of  the  chemical  elements 
chlorine  and  sodium.    As  chloride  of  sodium,  it  has  certain 

*  RoBJH  and  YfAiiKti*^  Chimin  Ana$&miqu9  et  Fhyvwk^ifm^  P^ri^  IB^% 
tome  L,  (J.  128.  f 
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properties,  and  is  endowed  with  certain  functions  in  the  econ- 
omy, which  are,  of  course,  entirely  diflerent  from  the  proper- 
ties of  chlorine  or  sodium ;  the  latter  especially  being  only 
obtained  in  a  state  of  chemical  purity  by  a  difficult  and  elab- 
orate process  of  manipulation.  As  physiologists  we  have 
nothing  to  do  with  the  properties  of  chlorine,  or  the  rare 
metal  sodium ;  we  only  wish  to  know  as  much  as  possible 
about  the  functions  of  these  two  bodies  united  to  form  com- 
mon salt.  Again,  fibrin,  a  proximate  principle  found  in  the 
blood,  may  be  reduced  by  chemical  manipidations  to  a  cer- 
tain number  of  atoms  of  carbon,  hydrogen,  oxygen,  nitrogen, 
and  sulphur.  But  a  knowledge  of  even  the  exact  proportions 
of  these  ingredients  woijld  be  of  no  practical  benefit,  if  we 
were  unacquainted  with  the  general  properties  of  fibrin  and 
its  uses  in  the  economy.  Salt  cannot  be  subdivided  into 
chlorine  and  sodium,  nor  fibrin  into  its  elements,  without 
chemical  decomposition  and  loss  of  chara/:teristic  proper- 
ties /  but  both  of  these  substances  can  be  extracted  fi-om  the 
body  in  the  condition  in  which  they  exist  in  the  organism, 
and  are  therefore  proximate  principles. 

A  constituent  of  the  body  may  be  at  the  same  time  a 
chemical  element  and  a  proximate  principle.  An  example 
of  this  is  the  free  oxygen  in  solution  in  the  blood.  This 
enjoys,  in  the  body,  the  properties  of  free  oxygen,  and  may 
be  extracted  from  the  blood  by  mere  displacement  with  an- 
other gas,  or  by  the  air-pump ;  a  process  quite  different  from 
the  elaborate  chemical,  manipulation  which  would  be  neces- 
sary to  obtain  oxygen  by  decomposition  of  fibrin,  albumen, 
or  any  compound  principle. 

The  principles  which  compose  the  body,  with  the  excep- 
tion of  excrementitious  substances,  exist  in  our  food ;  this 
being  the  only  way  in  which  material  is  supplied  for  the  con- 
tinual repair  which  is  characteristic  of  living  tissues.  They 
are  all  introduced  from  without.  Certain  principles,  such  as 
water  and  the  inorganic  salts,  are  merely  transitory  in  the  in- 
terior of  the  body,  and  are  discharged  in  the  same  form  in 
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which  they  enter.  Others  are  eonstimed  in  the  process  of 
repair,  and  after  having  performed  their  functions,  are  thro-svn 
off  as  effete  matters.  Examples  of  the  latter  are  fibrin 
and  albumen,  which  are  transformed  first  into  the  sub- 
stance of  the  tissues,  and  then  into  urea,  creatine,  choleste- 
rine,  and  other  excrementitious  matters,  which*  are  the  re- 
sult of  the  breaking  down  or  wearing  out  of  the  tissues. 
Finally,  there  are  certain  principles,  the  sugars  and  fats  for 
example,  which  have  an  important  connection  with  the  pro- 
cess of  nutrition,  and  disappear  in  the  system,  but  whose 
transfbrmations  we  have  not  as  yet  been  able  to  follow. 
These,  besides  being  taken  in  as  food,  are  manufactured  by 
certain  organs,  and  appear  de  novo  in  the  economy. 

Division  of  Proximate  Principles. — In  the  division  of 
proximate  principles,  we  shall  follow,  with  slight  modifica- 
tions, tlie  classification  of  Robin  and  Verdeil.  With  refer- 
ence solely  to  anatomical  and  physiological  chemistry,  the 
classification  of  these  authors  cannot  be  improved;  but  in 
treating  of  the  whole  subject  of  physiology,  it  will  be  conven- 
ient to  take  up  certain  of  the  elements  in  connection  with  the 
functions  in  which  they  play  an  important  part.  Oxygen 
and  carbonic  acid,  for  example,  will  be  fully  considered  in 
connection  with  respiration  ;  urea  and  cholesterine  with  ex- 
cretion, ifec.  Again,  there  are  some  whose  function  is  appa- 
rently of  so  little  importance,  or  so  obscure,  that,  while  they 
may  be  interesting  in  a  chemical  point  of  view,  merely  as 
constituents  of  the  body,  it  is  not  worth  while  to  treat  of 
them  in  connection  with  physiology. 

The  two  great  divisions  of  proximate  principles  which  we 
propose,  comprise : 

First.  Suhstancea  which  enter  into  the  normal  conr 
stit/ut/ion  of  the  organized  tissues^  and  those  C07istUuents  of 
the  fluids  which  a/re  used  in  nutrition. 
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Second.  Substances  which  a/re  the  resvU  of  the  wea/rmg 
out  of  the  ttS8t^e8j  and  are  not  used  in  nutAtion.^ 

The  first  division,  which  is  the  only  one  that  will  be  taken 
up  in  this  connection,  may  be  subdivided,  according  to  the 
classification  of  Eobin  and  Verdeil,  into  three  classes. 

1.  Inorganic  Substances. — This  class  is  of  inorganic  ori- 
gin, definite  chemical  composition,  and  crystallizable.  The 
substances  forming  it  are  all  introduced  fix)m  without,  and  are 
all  discharged  from  the  body  in  the  same  form  in  which  they 
entered.  They  never  exist  alone,  but  are  always  combined 
with  the  organic  principles,  to  form  tlie  organized  fluids  or 
solids.  This  union  ia  "  atom-to-atom,"  and  so  intimate  that 
they  are  taken  up  with  the  organic  elements,  as  the  latter  are 
worn  out  and  become  eflete,  and  are  discharged  from  the 
body,  though  themselves  unchanged.  To  supply  the  place 
of  the  principles  thus  thrown  off,  a  fresh  quantity  is  depos- 
ited in  the  process  of  nutrition.  They  give  to  the  various 
organs  important  properties  ;  and,  though  identical  with  sub- 
stances in  the  inorganic  world,  in  the  interior  of  the  body 
they  behave  as  organic  substances.  They  require  no  special 
preparation  for  absorption,  but  are  soluble  and  taken  in  un- 
changed. They  are  received  into  the  body  in  about  the  same 
proportion  at  all  periods  of  life,  but  their  discharge  is  nota- 
bly diminished  in  old  age ;  giving  rise  to  calcareous  incrusta- 
tions and  deposits,  and  a  considerable  increase  in  the  calca- 
reous matter  entering  into  the  composition  of  the  tissues. 
As  examples  of  this  class  we  may  cite  water,  chloride  of  so- 
dium, the  carbonates,  sulphates,  phosphates,  and  other  inor- 
ganic salts. 

2.  Organic  NcmrNit/rogenized  Subst/mces. — ^This  class  of 

*  This  diTision  is  composed  of  excrementitious  matters,  which  will  be  fully 
considered  when  treating  of  excretion.  It  is  included  in  the  second  class  of  prox- 
imate principles  by  Robin  and  VerddL 
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proximate  prbciples  ia  of  oi^anic  origin,  definite  chemical 
composition,  and  crystallizable.  With  the  exception  of  the 
salts  peculiar  to  the  hile^  which  will  he  c^on&idered  when  wsfl 
come  to  treat  of  that  fluid,  pneumic  acid,  and  one  or  two 
nnimportant  principles^  tbej  arc  distinguished  by  l>eing  com- 
posed of  three  elements^  Carbon,  Hydrogen^  and  Oxygen, 
As  they  thus  c^mtain  hydrogen  and  carbon,  to  the  exchi&ion 
of  all  other  elements,  except  the  almost  imiversal  priBciple, 
oxygen,  they  are  frequently  spoken  of  as  Hydro-carbima^ 
They  ara  distinguished  from  other  organic  snbstances  by  the 
absence  of  nitrogen,  whicb  has  gi%*eu  them  the  name  of  3"^!^ 
nitrotjenized  or  J!ConHi2othtd  snliatances.  They  are  intro- 
duced into  the  body  as  food,  and  are  raanufactured  in  the 
economy  by  sj^ecia)  organs ;  but,  unlike  principles  of  the  first 
elaes^  with  the  exception  of  sugar  and  fat^  wbich  are  dis- 
charged in  the  milk  during  lactation,  are  never  discharged 
from  the  body  in  heahh.  The  principles  of  this  class  play 
an  important  part  in  development  and  nutrition.  One  of 
them,  sugar,  appears  very  early  in  fa^tal  life,  formed  first  by 
the  placenta,  and  afterwards  by  the  liver ;  ita  formation  by 
the  latter  oi^an  contlnaing  during  life.  Fat  is  a  neceesaiy 
eletneut  of  food,  and  is  also  formed  in  the  interior  of  the 
lx)dy.  The  exact  influence  which  these  substances  have  oo^ 
development  and  nutrition  is  not  known,  but  experimentfl;^| 
and  observation  have  shown  that  this  influence  is  important. 
Many  pliysiokjgists  are  of  the  opinion  that  principles  of  this 
class  nndergi:)  dii'ect  oxidation  or  combustion  in  the  lungs,  aJid 
have  the  exclusive  oflice  of  keeping  up  tlie  animal  tempera- 
tui^e.  At  one  time,  indeed,  they  were  generally  spoken  of  aa 
calorific  elements ;  but  in  the  present  condition  of  science  this 
exclusive  view  is  not  tenable ;  and  we  shall  see,  when  treating 
of  the  subject  of  animal  heat,  that  its  production  cannot  be 
referred  entirely  to  combustion  of  the  hydro-carbons*  The 
sugars  and  fats^  lat^tic  acid  and  the  lactates,  pneumic  acid  and 
the  pneu mates,  the  fatty  acids  and  their  combinations^  cotifiti' 
tute  the  most  imi>ortiint  principles  of  this  class. 
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3.  Orgcmic  Nil/rogenized  Siibstcmces. — This  class  of  prox- 
imate principles  is  of  organic  origin,  indefinite  chemical  com- 
position,  and  non-cry  stall  izable.     Substances  forming  this 
class  are  apparently  the  only  principles  which  are  endowed 
with  vital  properties,  taking  materials  for  their  regeneration 
from  the  nutritive  fluids,  and  appropriating  them  to  form 
part  of  their  own  substance.      Considered  from  this  point 
of  view,  they  are  different  from  any  thing  which  is  met  with 
ont  of  the  living  body.     They  are  all,  in  the  body,  in  a  state 
of  continnal  change,  wearing  out  and  becoming  effete,  when 
they  are  transformed  into  excrementitious  substances,  which 
constitute  the  second  grand  division  of  proximate  principles. 
The  process  of  repair  in  this  instance  is  not  the  same  as  in 
inorganic  substances,  which  enter  and  are  discharged  from 
the  body  without  undergoing  any  change.     The  analogons 
substances  which  exist  in  food,  undergo  a  very  elaborate  prep- 
aration, by  digestion,  before  they  can  even  be  absorbed  by 
the    blood-vessels;   and  still    another  change  takes  place 
when  they  are  appropriated  by  the  various  tissues.     They 
exist  in  all  the  solids,  semi-solids,  and  fluids  of  the  body, 
never  alone,  but  always  combined  with  inorganic  substances. 
As  a  peculiarity  of  chemical  constitution,  they  all  contain 
nitrogen,  which  has  given  them  the  name  of  Nitrogenized  or 
Azotized  principles.     As  before  intimated,  they  give  to  the 
tissues  and  fluids  their  vital  properties.     In  studying  their 
properties  more  fully,  we  shall  see  that  they  are  by  far  the 
most  important  elements  in  the  organism.     The  elaborate 
preparation  which  they  require  for  absorption  involves  the 
most  important  part  of  the  function  of  digestion.     Their  ab- 
solute integrity  is  necessary  to  the  operation  of  the  essential 
fiinctions  of  many  tissues,  as  muscular  contraction,  or  con- 
duction of  nervous  force.    An  exact  knowledge  of  all  the 
transformations  which  take  place  in  their  regeneration  and  the 
process  by  which  they  are  converted  into  effete  or  excremen- 
titious matters,  would  enable  us  to  comprehend  nutrition, 
which  is  the  essence  of  physiology ;  but  as  yet  we  know  little 
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of  these  clianges,  and  consider  ourselves  fortunate  in  under- 
standing a  few  of  the  laws  which  regulate  them.  As  exam- 
ples of  principles  of  this  class  we  may  cite  musculine,  os- 
teine,  fibrin,  albumen,  and  caseine. 
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The  number  of  principles  of  this  class,  now  well  estab- 
lished as  existing  in  the  human  body,  is  twenty-one.*  All 
substances  which  at  any  time  exist  in  the  body  are  proximate 
principles ;  but  some  are  found  in  small  quantities,  are  not 
always  present,  and  apparently  have  no  very  important  func- 
tion.  These  will  be  passed  over  rapidly,  as  well  as  those 
which  are  so  intimately  connected  with  some  important  func- 
tion as  to  render  their  full  consideration  in  connection  with 
that  function  indispensable.  The  following  is  a  list  of  the 
inorganic  principles,  excluding  those  which  are  excrementi- 
tious,  and  one  or  two  which  are  not  yet  well  established : 

Table  of  InorgcmiG  Principles. 

ProximaU  PrincipUi,  Wher6  Found, 

Oxygen.  Lungs  and  Blood. 

Hydrogen.  Gases  of  Stomach  and  Colon. 

Nitrogen.  Lungs,  Intestinal  Gases,  and  Blood. 

Carburetted  Hydrogen.  Lungs  (expired  air),  Intestines. 

Sulphuretted  Hydrogen.  Lungs  (expired  air),  Intestines. 

Water.  Universal 

Oliloride  of  Sodium.  Universal,  except  the  enamel 

Chloride  of  Potassium.  Muscles,  Liver,  Milk,  Chyle,  Blood,  Mu- 

cus, Saliva,  Bile,  Gastric  Juice,  Ce- 
phalo-rachidian  Fluid,  and  Urine. 


*  Robin  and  Verddl  give  twenty-nme ;  but  of  these,  three  (acid  phosphate  of 
soda,  acid  phosphate  of  lime,  and  anmionio-magnesian  phosphate)  are  found  only 
in  the  urine,  and  may  be  considered  as  coming  under  the  head  of  excrements, 
with  carbonic  add,  which  is  one  of  the  most  important  excretions ;  one  (bioar^ 
bonate  of  lime)  is  abnormal ;  one  (bicarbonate  of  potassa)  is  found  only  in  cer- 
tain of  the  inferior  animals ;  and  two  (carbonate  and  bicarbonate  of  ammonia) 
are  doubtful 
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Fboq>luite  of  Lime  (basic). 
Carbonate  of  Lime. 


Carbonate  of  Soda. 

Carbonate  of  Potassa. 
Phosphate  of  Magnesia. 
Phosphate  of  Soda  (neutral). 
Phosphate  of  Potassa. 
&ilphate  of  Soda. 

Sulphate  of  Potassa. 
Sulphate  of  lime. 
Hydrochlorate  of  Ammonia. 
Carbonate  of  Magnesia. 

Bicarbonate  of  Soda. 


Where  Found, 

UniversaL 

Bones,  Teeth,  Cartilage,  Internal  Ear, 
Blood,  Sebaceous  Matter,  and  some- 
times Urine. 

Blood,  Bone,  Saliva,  Lymph,  C^halo- 
rachidian  Fluid,  and  Urine. 

Blood,  Bone,  Lymph,  and  Urine. 

Uniyersal. 

Universal 

Universal 

Universal,  except  Milk,  Bile,  and  Gastric 
Juice. 

Same  as  Sulphate  of  Soda. 

Blood  and  Feces. 

Gastric  Juice,  Saliva,  Tears,  and  Urine. 

A  trace  in  the  Blood  and  Sebaceous 
matter. 

Blood  (Liebig). 


The  Gase8. 

The  gases  (oxygen,  hydrogen,  nitrogen,  carburetted  hy- 
drogen, sulphuretted  hydrogen)  *  exist  both  in  a  gaseous  state, 
and  in  solution  in  some  of  the  fluids  of  the  body.  Oxygen 
plays  a  most  important  part  in  the  function  of  respiration  ; 
but  the  oflSce  of  the  others  is  by  no  means  so  essential.  Ni- 
trogen seems  to  be  formed  by  the  system  in  small  quantity,  is 
taken  up  by  the  blood  and  exhaled  by  the  lungs ;  except  dur- 
ing inanition,  when  the  blood  absorbs  a  little  from  the  in- 
spired air.  It  exists  in  greatest  quantity  in  the  intestinal 
canaL  The  carburetted  and  sulphuretted  hydrogen,  with 
pure  hydrogen,  are  found  in  minute  quantities  in  the  expired 
air,  and  are  also  found  in  a  gaseous  state  in  the  alimentary 
canal.  From  the  offensive  nature  of  the  contents  of  the 
large  intestine,  we  would  suspect  the  presence  of  sulphuretted 
hydrogen  in  considerable  quantity ;  but  actual  analysis  has 
shown  that  the  gas  contained  in  the  stomach  and  intestines, 

^  Carbonic  add  is  here  omitted,  and  will  be  treated  of  under  the  head  of  ex- 
cretioDft. 
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Iftige  as  well  as  Bmall,  is  composed  cliiefly  of  nitrogen,  with 
hydrogen  and  carbnrettcd  hydrogen  in  about  equal  propor- 
tion, five  to  eleven  parts  per  hundred^  and  bnt  a  trace  of  sul- 
phuretted hydrogen.  With  the  exception  tben  of  oxygen 
and  carbonic  acidj  the  latter  being  an  excretion,  the  gases  do 
not  hold  an  important  place  among  the  proximate  principles. 
At  all  events,  their  function,  whether  it  he  important  or  uot^ 
Is  but  little  understood* 

Water,  HO- 

Water  is  by  far  the  most  important  of  the  inorganic  prin- 
ciples,' It  is  presetit  at  all  periods  of  life,  existing  even  in 
the  ovum.  It  exists  in  all  parts  of  the  body ;  in  the  fluids, 
§onie  of  whicli,  as  the  lachrymal  fluid  and  perspiration,  con- 
tain little  elge,  and  in  the  hardest  structures,  as  the  bones,  or 
the  enamel  of  the  tectL 

In  the  solids  and  semi-solids  it  does  not  exist  as  water, 
but  enters  into  their  structure,  assuming  the  consistence 
by  which  they  are  characterized-  For  example,  we  have 
water  in  the  bones,  ^eeth,  and  even  in  the  enamel,  not  con- 
tained in  the  interstices  of  their  strnctm^j  as  in  a  sponge, 
but  incorporated  into  the  substance  of  the  tissue.  In  these 
situations  it  is  e^entially  waier  qf  cmnpomUmi.  During  the 
process  of  nutrition,  water  is  deposited  in  the  tissues  with  the 
other  nutritive  principles,  aa  we  liave  it  incorporated  in  the 
substance  of  certain  inorganic  compounds  in  the  process  of 
cry B tall izat ion,  when  it  is  known  in  chemistry  as  %mier  of 
eryat^illizatWTi.  In  the  interior  of  the  body,  water  is  thus 
incorporated  in  the  substance  of  oiganic  matters,  which  are 

^  In  comparing  principled  which  are  etieatlal  to  nutrition  and  to  lilti^  It  ji  im- 
posiiblc  to  eu^rtlmt  one  is  absolutely  moro  iuipofUiit  than  iLUOthcr;  stilly  witten 
4iff  iu  the  hubit  of  making  n  disUuctioo  in  Uid  huportiLfice  of  ncceiiflflrv  eoastit- 
ucQtfi  of  tlic  bodV}  ohiefly  with  referaiec  to  tb^dr  quantity  and  the  cikint  ot  tiidr 
diatributiuii.  When  wo  come  to  ofganio  ptincip1<?s^  we  shaLl  see  that  tlicse  ju% 
menircstJj  the  most  import^mt  con^iitueiita  of  the  Utiog  bodj^  u  giving  to  the 
tiasuet  their  vital  pmptrtiefi. 
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(yf  indefinite  chemical  composition^  and  nonrcryBtdllizable^ 
and  we  have  no  reason  to  be  surprised,  as  physiologists,  to 
find  it  entering  into  their  composition  in  indefinite  propor- 
tions, assuming  the  form  amd  consistence  of  the  orgamic  mlh 
stance.  Our  definition  of  a  proximate  principle  is:  "a  sub- 
stance extracted  from  the  body,  which  cannot  be  further 
subdivided  without  chemical  decomposition."  The  union 
of  water  with  the  organic  principles  is  chemical ;  and  though 
feeble,  is  not  more  so  than  the  chemical  union  of  elements 
in  some  compounds  found  in  the  inorganic  world.  The  bi- 
carbonates,  for  example,  are  formed  by  a  union  of  two  equiv- 
alents of  carbonic  acid  with  one  of  the  base ;  but  the  second 
atom  of  carbonic  acid  is  in  so  feeble  a  condition  of  union,  that 
it  is  set  free  when  the  compound  is  placed  under  the  receiver 
of  an  air-pump.  It  might  be  objected  that  water  is  combined 
with  organic  substances  in  an  indefinite  quantity,  while  the 
carbonic  acid  is  present  in  definite  proportion ;  but  it  must  be 
remembered  that  indefinite  proportions  of  all  the  constituents 
are  characteristic  of  organic  substances ;  and  that  the  quantity 
of  water  existing,  within  certain  limits,  in  indefinite  propor- 
tions, only  obeys  the  law  which  regulates  the  components 
which  are  universally  recognized  as  existing  in  a  state  of 
chemical  union.  The  only  diflference  between  water  and  the 
other  constituents  of  an  organic  compound,  is  that  the  former 
is  extracted  with  facility ;  as  one  atom  of  carbonic  acid  is 
extracted  from  the  bicarbonates  more  easily  than  the  other. 
Studying  the  organism  as  physiologists,  we  must  consider 
water  as  an  integral  constituent  of  the  tissues,  and  not  as 
merely  absorbed  by  them. 

All  the  organized  structures  contain  a  certain  proportion  of 
water,  amd  this  is  necessary  to  the  performance  of  aU  or  any  of 
their  fv/nctions.  If  a  normal  muscle  be  considered  as  a  con- 
tracting organ,  and  a  nerve  as  a  conducting  organ,  or  albu- 
men as  a  nutritious  element,  we  must  consider,  as  one  of  their 
constituents,  water.  It  is  necessary  to  the  proper  form,  consist- 
ence, and  ftmction  of  these  and  all  organized  structures.  In 
analysis  of  organic  matters,  when  water  is  lost  or  driven  off 
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in  our  manipulatioiiB,  the  principle  is  not  brought  near  a  state 
of  chemical  purity,  hut  is  essentially  and  radically  changed* 

The  quantity  of  water  which  emh  organic  substance  emi- 
taina  is  imporiunt ;  and  it  is  provided  thM  this  quantit^y 
tfiough  im^lsfmite^  shall  not  mc^^d  or  fall  hetow  certain  lim- 
its. The  truth  of  this  proposition  is  ina<ie  evident  frora  the 
following  facta :  In  the  first  place,  all  organs  and  tissues  must 
contain  a  tolerably  definite  quantity  of  water  to  give  them 
proper  consistence.  The  evils  of  too  great  a  proportion  of 
water  in  the  system,  and  consequently  a  diminution  of  solid 
elements,  are  well  known  to  the  practical  physician.  Gen- 
eral muscular  debility,  loss  of  appetite,  dropsies,  and  various 
other  indications  of  imperlect  nutrition,  are  among  the  re- 
sultfl  of  such  a  condition ;  while  a  deficiency  of  water  is  im- 
mediately made  known  by  the  sensation  of  thirstj  which 
leads  to  its  introduction  from  without* 

The  fact  that  water  never  exists  in  any  of  the  fluids,  semi- 
Bolids,  or  solids,  without  being  combined  with  inorganic  salts, 
and  especially  chloride  of  sodium,  is  one  reason  why  its  pro- 
portion in  various  situations  is  to  a  certain  extent  constant. 
The  presence  of  these  salts  influences,  in  the  senii-solids  at 
least,  the  quantity  of  water  entering  into  their  composition, 
and  consequently  regulateB  their  consistence,  A  very  simple 
experiment  shows  this  with  retesrence  to  the  chloride  of 
sodium.  If  a  piece  of  muscle  be  placed  in  a  strong  solution 
of  common  salt^  as  in  salting  meat,  it  becomes  iiarder^  and 
loses  a  portion  of  its  water  of  composition ;  while  exposed 
to  the  actiou  of  pure  water,  it  absorbs  a  certain  c|uantity  and 
becomes  softer.  The  nutrient  fluid  of  the  muscles  during 
life  contains  water  with  just  enough  saline  matter  to  pre- 
serve their  normal  consistende.  This  action  of  saline  matters 
is  even  more  apparent  in  the  case  of  the  bloo^l  corpuscles. 
If  pure  water  be  added  to  the  blood,  these  bodies  swell  up 
and  are  finally  dissolved  ;  while  if  we  add  a  strong  solu- 
tion of  salt,  they  lose  water,  and  become  shrunken  and 
coiTUgated ;  but  their  natural  frirm  and  cons^istence  can 
be  reitoredj  even  after  they  have  been  completely  dried,  by 
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adding  water  containing  about  the  proportion  of  salt  which 
exists  in  the  plasma. 

It  seems  clear,  then,  that  water  is  a  necessary  element  of 
all  tissues,  and  is  especially  important  to  the  proper  constitu- 
tion of  organic,  nitrogenized  substances  ;  that  it  enters  into 
the  constitution  of  these  substances,  not  as  pure  water,  but 
always  in  connection  ^\rith  certain  inorganic  salts ;  that  its 
proportion  is  confined  within  certain  limits ;  and  that  the 
quantity  in  which  it  exists,  in  organic  nitrogenized  substances 
particularly,  is  r^ulated  by  the  quantity  of  salts  which  en- 
ter, with  it,  into  the  constitution  of  these  substances. 

The  quantities  of  water  which  can  be  driven  off  by  a  mod- 
erate temperature  (212°  Fahr.)  from  the  different  fluids  and 
tissues  of  the  body,  vary  of  course  very  considerably,  ac- 
cording to  the  consistence  of  the  parts.  The  following  is  a 
list  of  the  quantities  in  the  most  important  fluids  and  solids : 


Table  of  Quantity  of  Waier. 
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I 

s 
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Parte  per  l,00a 
2 
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Enamel  of  the  Teeth , 

Epithelial  Desquamation.. 37 

Teeth 100 

Bones 180 

Tendons  (Burdach) 600 

Articular  Cartilages 660 

Skin  OVeinholt) 675 

LiTer  (Frommherz  and  Gugert) 618 

Muscles  of  Man  (Bibra) 726 

Ligaments  (Chcvreul) » 768 

Mean  of  Blood  of  Man  (Becquerel  and  Rodicr) 780 

Milk  of  Human  Female  (Smon) 887 

Chyle  of  Man  (Rees) 904 

Bile. 905 

Urine 933 

Human  Lymph  (Tiedemann  and  Gmelin) 960 

Human  SaUva  (Mitscherlich) 983 

Gastric  Juice. 984 

Perspiration 986 

Tears 990 

Pulmonary  Vapor. 997 


^  This  table  is  made  of  selections  from  the  table  of  Robin  and  Yerdeil — ^taken 
firom  Taiioos  authors. 
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Funaiion  of  Wat^r, — After  what  has  been  etatecl  re- 
specting  the  condition  in  which  water  exists  in  the  bod j>^^ 
there  remains  but  little  to  say  concerning  its  fuiictiou.  A^fl^| 
a  coustituent  of  organised  tiisues,  it  gives  to  cartilage  its 
ekstieityj  to  tendons  their  pliability  ajid  toughness;  it  ih, 
necessary  to  the  pecuhar  power  of  resistance  of  the  bones 
andj  as  we  liave  already  seeiij  it  is  necessary  to  the  prope 
coDHi&tenee  of  all  parts  of  the  body.  It  has  other  iaijK>rtant^ 
fanctions  as  a  solvent.  Soluble  articles  of  ibod  are  intro- 
duced in  solution  in  water.  The  excreinentitiaus  matters, 
which  are  generally  soluble  m  water,  are  dissolved  by  it  in 
the  blood,  carried  to  the  oi^ans  of  excretion,  and  discharged 
in  a  watery  solution  from  the  body. 


Origin  and  Ducharge  of  WaUi\ — ^It  is  evident  that  the 
greet  proportion  of  water  is  introduced  from  %vithout  in  the 
fluids,  and  in  the  watery  constituents  of  all  kinds  of  food ; 
but  the  theoretical  views  of  aome  physiologists  with  regard^ 
to  the  hydrocarbons  and  their  combustion,  led  to  the  supposi-^H 
tioR  that  water  is  also  formed  in  the  body  Iw  a  direct  union^^ 
of  oxygen  and  hydrogen-     The  true  way  of  detennining  this 
point  is  to  estimate  all  the  water  introdnced  into  the  organit^m, 
and  compare  this  quantity  with  that  which  is  disehargai.    The 
latter  estimate,  however,  presents  very  great  difficulties.     As 
water  is  continually  given  off  in  the  form  of  vapor  from  tJie 
skin,  and  in  the  ex^sired  air,  the  quantities  thus  discharged 
are  subject  to  gi'eat  variations,  dependent  upon  exercise,  tem- 
perature, the  state  of  the  atmosphere,  etc,  and  even  if  cson-ij 
stant  could  be  estimated  with  great  difficulty.     Experiment 
on  this  point  have  been  undertaken  by  Sanctorius,  BaiTalj' 
Bonssingaidt,  and  others;  bnt  they  are  not  sufficiently  com- 
plete to  settle  the  question. 

In  the  present  state  of  our  knowledge,  we  can  only  saj 
that  water  is  introduced  with  the  fliud  and  solid  elements  of 
food^  by  the  stomach,  and  that  it  escapes  by  the  urine,  feces, 
lungSj  and  skin.     There  is  no  dii'ect  evidence  that  any  i 
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duced  in  the  interior  of  the  body.  In  the  issue  of  water  by 
the  kidneys  and  skin,  it  has  long  been  observed  that,  in  point 
of  activity,  these  two  emunetories  bear  a  certain  relation  to 
each  other.  "When  the  skin  is  inactive,  as  in  cold  weather, 
the  kidneys  discharge  a  large  quantity  of  water ;  when  the 
skin  is  active,  tlie  quantity  of  water  discharged  by  the  kid- 
neys is  diminished.  Certain  therapeutical  agents,  also,  can 
be  made  to  act  as  diaphoretics  by  combining  other  measures 
which  favor  cutaneous  action  ;  or  as  diuretics,  by  employing 
measures  to  diminish  the  action  of  the  skin. 

Chloride  of  Sodium  (Common  Salt),  NaCl. 

Chloride  of  sodium  is  next  in  importance,  as  an  inorganic 
proximate  principle,  to  water.  It  is  found  in  the  body  at  all 
periods  of  life,  existing,  like  water,  in  the  ovum.  It  exists  in  all 
the  fluids  and  solids  of  the  body,  with  the  single  exception  of 
the  enamel  of  the  teeth.  In  the  fluids,  it  seems  to  be  simply 
in  a  state  of  solution,  and  can  be  recognized  by  the  ordinary 
tests ;  in  this  respect  we  may  class  together  the  chlorides  of 
sodium  and  potassium. 

The  quantity  of  chloride  of  sodium  in  the  entire  body 
has  never  been  estimated ;  nor,  indeed,  has  any  accurate  esti- 
mate been  made  of  the  quantity  contained  in  the  various  tis- 
sues ;  for  all  the  chlorides  are  generally  estimated  together. 
It  exists  in  greatest  proportion  in  the  fluids,  giving  to  some 
of  them,  as  the  tears  and  perspiration,  a  distinctly  saline 
taste.  The  following  table  gives  an  idea  of  the  quantity 
which  has  been  found  in  some  of  the  most  important  of  the 
fluids  and  solids : 

Table  of  Quantity  of  Chloride  of  Sodium, 

Parts  per  1,000. 

In  Blood,  Human  (Lehmann) 4*210 

"  Chyle  (Lehmann) 6-310 

"Lymph  (Nasse) 4120 

"  Milk,  Human  (Lehmann) 0*870 
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Parts  per  1,000 

In  Saliya,  Human  (Lehmann) 1*6S0 

"  Perspiration,  Human  (mean  of  three  analyses,  Piutti) 3-433 

"  Urine  (maximum)  \  ( 7*280 

"      "      (medium)..  [-Valentin,  •<   4.610 

"      "      (minimum))  '  2400 

"  Fecal  Matters  (Beraelius) 3-010 

Function  of  Chloride  of  Sodium. — The  ftmction  of  this 
principle  is  undoubtedly  important,  but  is  not  yet  ftilly  un- 
derstood. It  does  not  seem  to  enter  into  the  substance  of 
the  organized  solids  and  semi-solids  as  an  important  and  es- 
sential element,  but  apparently  exercises  its  chief  function  in 
the  fluids.  It  certainly  determines,  to  a  great  extent,  the 
quantities  of  exudations,  regulates  absorption,  and  serves  to 
maintain  the  albuminoids,  especially  those  contained  in  the 
blood,  in  a  state  of  fluidity.  Albumen  is  coagulated  by  heat 
with  much  greater  difficulty  in  a  solution  of  chloride  of  so- 
dium than  when  mixed  with  pure  water.  A  strong  solution 
of  common  salt  is  capable  of  dissolving  casein,  or  of  prevent- 
ing the  coagulation  of  fibrin.  We  have  already  alluded  to 
the  fact  that  it  is  the  chloride  of  sodium  particularly  which 
regulates  the  quantity  of  water  entering  into  the  composition 
of  the  blood  corpuscles,  thereby  preserving  their  form  and 
consistence ;  and  that  it  seems  to  perform  an  analogous  ftmc- 
tion with  reference  to  the  other  semi-solids  of  the  body. 
With  regard  to  the  general  function  of  this  substance,  the 
following  proposition  of  Liebig  is  adopted  by  Robin  and  Ver- 
deil,  and  a  little  reflection  will  show  that  it  is  sustained,  as 
far  as  we  know,  by  the  facts: 

"  Common  salt  is  intermediate  id  certain  general  pro- 
cesses^ and  does  not  participate  hy  its  elements  in  the  forma- 
tion of  organsP 

In  the  first  place,  the  fluids  of  the  body  are  generally  in- 
termediate in  their  functions,  containing  nutritious  elements, 
which  are  destined  to  be  appropriated  by  the  tissues  and  organs, 
and  worn-out  elements,  which  are  to  be  separated  from  the  body. 
In  the  blood  and  chyle  chloride  of  sodium  is  found  in  greatest 
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abundance.  When  the  nutrition  of  organs  takes  place,  which 
consists  in  the  fixation  of  new  proximate  principles,  chloride 
of  sodium  is  not  deposited  in  any  considerable  quantity,  but 
seems  to  regulate  the  general  process,  at  least  to  a  certain 
extent.  In  all  civilized  countries  salt  is  used  extensively  as 
a  condiment,  and  it  undoubtedly  facilitates  digestion  by  ren- 
dering the  food  more  savory,  and  increasing  the  flow  of  the 
digestive  fluids ;  here,  likewise,  acting  simply  as  an  interme- 
diate agent.  There  is  nothing  more  general  among  men  and 
animals  than  this  desire  for  common  salt.  The  camivora 
crave  it,  and  obtain  it  in  the  blood  of  animals ;  the  herbivora 
frequent  "  salt  licks  "  and  places  where  it  is  found,  and  relish 
it  when  mixed  with  their  food ;  while  by  man  its  use  is 
almost  universal.  In  the  domestic  herbivora  the  efiect  of 
a  deprivation  of  this  article  is  very  marked,  and  has  been 
made  the  subject  of  some  very  interesting  experiments  by 
Boussingault.  This  observer  experimented  upon  two  lots 
of  bullocks,  of  three  each,  all  of  them,  at  the  time  the  ob- 
servations were  commenced,  being  perfectly  healthy  and  in 
fine  condition.  One  of  these  lots  he  deprived  entirely  of  salt, 
excepting  what  was  contained  in  their  fodder,  while  the  other 
was  supplied  with  the  usual  quantity.  No  marked  diflerence 
in  the  two  lots  was  noticed  until  between  five  and  six  months, 
when  the  difference  in  general  appearance  was  very  distinct. 
The  animals  receiving  salt  retained  their  fine  appearance, 
while  the  others,  though  not  diminished  in  flesh,  were  not  as 
deck  and  fine.  At  the  end  of  a  year  the  difterence  was  very 
marked.  The  hides  of  those  which  had  been  deprived  of  salt 
were  rough  and  ragged,  their  appearance  listless  and  inani- 
mate, contrasting  strongly  with  the  sleek  appearance  and 
vivacious  disposition  of  the  others.*  The  experiments  of 
Boussingault  are  the  most  conclusive  that  have  ever  been 
instituted  with  regard  to  the  infiuence  of  chloride  of  sodium 

*  BouBSDrOAULT,  Memotres  de  Chimie  Agricole  et  de  Phyiiologie^  Paris,  1864, 
p.  271  d  seq. 
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upon  nutrition.  They  indicate  a  certain  deficiency  in  the 
nutrition  of  animals  deprived  of  it,  but  not  any  con&iderable 
h->S3  of  weight.  Before  these  obseirations  were  made,  Bailly 
made  upon  twenty  sheep  uimlogous  experiments^  whidi  were 
continued  for  three  months.  At  the  end  of  tliat  time  the 
lot  which  received  salt  presented  a  considerable  excess  of 
weight  (abont  22f  Ihs,)  over  the  others/ 

It  is  a  aignificant  fact  that  the  quantity  of  chloride  of  so* 
dlnm  existing  in  the  blood  is  not  subject  to  variation,  but 
that  an  excess  introduced  with  the  food  is  tlirowTi  off  by  the 
kidneys.  The  quantity  in  tlie  urine,  then,  hears  a  relation  to^ 
the  qiumtity  introduced  as  food,  but  the  proportion  in  thdf 
blood  is  constant*  This  is  another  fact  iu  favor  of  tlie  view 
that  the  presence  of  a  definite  quantity  of  common  salt  ia 
the  circulating  fluid  is  essential  to  the  proper  performance  of 
the  general  ixmction  of  nutrition,  ^1 

Ofigm  and  Dkaharge  of  Chl43Tide  qf  Sodium, — This 
substance  is  always  introduced  with  food  in  the  condition 
in  which  it  is  found  in  the  body.  It  is  contained  in  the  sub* 
stance  of  all  Ivinds  of  food,  animal  and  vegetable;  hut  in  the 
herbivora  and  in  man,  this  source  is  not  sufficient  to  supply 
the  wants  of  the  system,  and  it  is  introduced,  therefore,  as 
salt  The  quantity  which  is  discharged  from  the  body  baa 
been  estimated  by  Earral*  to  be  somewhat  less  than  th€|H 
quantity  introduced,  abont  one-fifth  disappearing;  but  these^^ 
estimates  are  not  exactly  accurate,  for  the  amount  thrown  off 
in  perspiration  has  never  been  directly  ascertained.  It  exists 
in  the  blood  in  connection  with  the  phosphate  of  potassa,  and 
a  certain  atnuunt  is  lost  in  a  double  deeomp^Tsition  which 
takes  place  between  these  two  salts,  resulting  in  the  form& 
tion  of  chloride  of  potassium  and  phosphate  of  soda*  It 
18  supposed  to  furnish  the  soda  to  all  the  salts  which  hay< 
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^  LoNcJfT^  Traits  d^  PHpi&h^e^  tome  L,  p.  70. 
'  Cited  h^  HotiiN  nnil  YERumiL.     ChimU  Anatomigu^  H  Phjfnologi^^j  FaHs^ 
1853,  tomo  II, »  p,  m. 
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soda  base,  and  a  certain  quantity,  therefore,  disappears  in  this 
way. 

Existing,  as  it  does,  in  all  the  solids  and  fluids  of  the 
body,  it  is  discharged  in  all  the  excretions,  being  thrown  off 
in  the  urine,  feces,  perspiration,  and  mucus. 

CJdorid^  of  JPotasakimj  KCl. 

Chloride  of  potassium,  though  not  as  important  a  proxi- 
mate principle  as  the  chloride  of  sodium,  nor  so  generally 
distributed  in  the  economy,  seems  to  have  an  analogous 
fdnction.  It  is  found  in  the  Muscles,  liver.  Milk,  Chyle, 
Blood,  Mucus,  Saliva,  Bile,  Gastric  Juice,  Cephalo-Rachidian 
Fluid,  and  Urine.  It  is  exceedingly  soluble,  and  in  these 
situations  exists  in  solution  in  the  fluids. 

Its  quantity  in  these  situations  has  not  been  accurately 
ascertained,  as  it  has  generally  been  estimated  together  with 
the  chloride  of  sodium.  In  the  muscles,  it  exists,  however^ 
in  a  larger  proportion  than  common  salt.  In  cow's  milk, 
Berzelius*  has  found  1*7  pts.  per  1,000 ;  Pfaff  and  Schwartz, 
1*35  per  1,000  in  cow's  milk,  and  0*3  per  1,000  in  human 
milk.' 

Of  the  function  of  this  principle,  little  remains  to  be  said 
after  what  has  been  stated  with  regard  to  the  chloride  of 
sodium.  Their  functions  are  probably  identical,  though  the 
latter,  from  its  greater  quantity  in  the  fluids,  and  its  univer- 
sal distribution,  is  by  far  the  more  important. 

Origin  cmd  Discharge  of  Chloride  of  Potaadum, — This 
substance  has  two  sources ;  one  in  the  food,  existing,  as  it 
does,  in  muscular  tissue,  milk,  etc.,  and  the  other  in  a  chem- 
ical reaction  between  the  phosphate  of  potassa  and  the 
chloride  of  sodium,  forming  the  chloride  of  potassium  and 

*  Simon,  Chemistry  of  Man,  American  edit,  p.  842. 
'  Robin  and  Yerdeil,  op.  ct7.,  tome  il.,  p.  206. 
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firoca  d:i<e  borij  m.  dbe  orme  and  nmeoK. 

PhmphaU  ^  Lima.  Z  CaO,  Pi>^ 

Pfaosphate  of  lixne  k  frxxnd  m  all  the  H>Iii&  lad  fisoJe  of 
the  bodr.  A^  it  k  zLwzri  muted,  in  the  3*jliifr.  with  ofvaaie 
rabsitaneeg  as  an  impffrtant  d^imeni  €f  eemiti^mii&m^  it  k 
faardlj  aecr^Dd  in  imprjrtanee  to  water.  It  db^s  in  i&  firae^ 
tiond  so  esAentiall J  firrm  the  chlorides  of  sodiimi  and  potK- 
rinm,  that  ther  are  hardlj  to  he  compared.  It  k  insohible 
in  water,  bnt  held  in  solution  in  the  &ads  oi  the  bodr  bj 
Tirtne  of  free  carix>nic  aeid,  the  iHcarbonatesw  and  the  filkh 
ride  of  sodiam.  In  the  solids  and  semi-oolids.  the  coodition 
of  its  existence  is  the  same  as  that  of  water;  il  ^.  it  k  incor- 
porated, particle  to  particle,  with  the  organk  sahstance  diar- 
acteristie  of  the  tiseue,  and  is  one  of  its  essential  elexnoits 
of  composition.  Nothing  need  be  added  here  as  to  this  mode 
of  nnion  in  the  body  of  organic  and  inorganic  sabstances, 
after  what  has  been  said  under  the  head  of  water. 

The  following  table  *  gives  the  relative  qnantitr  of  phos- 
phate of  lime  in  various  situations : 

Table  of  Quantity  of  Phosphate  of  Lime. 

FKtsp<rl,QOa 

In  Arterial  Bloodjp^^^^^^jj^j^  I 0^90 

«*  Venous  Blood, )      ^  \ 0-760 

"  Milk,  Human  (Pfaff  and  Schwartz). 2500 

"  SoUva  (Wright) 0-600 


*  Selections  from  the  table  of  Robin  and  VerdeO,  op,  dL 
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ParU  per  1,000. 

Ih  Urine  (propordon  to  weight  of  ash,  Fleitmaim) 26*700 

**  Excrements  (Berzelius). 40*000 

*"  Bone  (Lassaigne). 400- 

"  Vertebra  of  a  rachitic  patient  (Bostock) 136* 

*'  Teeth  of  Infant  one  day  old. 

"  Teeth  of  Adult 

^  Teeth,  at  eighty-one  years. . 
*'  Enamel  of  Teeth 


510- 
610- 
660- 
885* 


By  this  table  it  is  seen  that  the  phosphate  of  lime  exists  in 
veiy  small  quantity  in  the  fluids,  but  is  abundant  in  the 
Bolids.  In  the  latter  the,  quantity  is  in  proportion  to  the 
hardness  of  the  structure,  the  quantity  in  enamel  being, 
for  example,  more  than  twice  that  in  bone.  The  rariations 
in  quantity  with  age  are  very  considerable.  In  the  teeth 
of  an  infant  one  day  old,  Lassaigne  found  510  parts  per 
1,000;  in  the  teeth  of  an  adult,  610  parts;  and  in  the  teeth 
of  an  old  man  of  eighty-one  years,  660  parts.  This  increase 
in  the  calcareous  elements  of  the  bones,  teeth,  etc.,  in  old  age 
is  very  marked ;  and  in  extreme  old  age  they  are  deposited  in 
considerable  quantity  in  situations  where  there  existed  but  a 
small  proportion  in  adult  life.  The  system  seems  to  grad- 
ually lose  the  property  of  appropriating  to  itself  organic  mat- 
ters ;  and  though  articles  of  food  are  digested  as  well  as  ever, 
the  power  of  assimilation  by  the  tissues  is  diminished.  The 
bones  become  brittle,  and  fractures,  therefore,  are  common  at 
this  period  of  life,  when  dislocations  are  almost  unknown. 
Inasmuch  as  the  real  efficiency  of  organs  depends  on  organic 
matters,  the  system  actually  wears  out,  and  this  progressive 
change  finally  unfits  the  various  parts  for  the  performance  of 
their  functions.  An  individual,  if  he  escapes  accidents  and 
dies,  as  we  term  it,  of  old  age,  passes  away  thus  by  a  simple 
wearing  out  of  his  organism. 

Function  of  Phosphate  of  Lime. — This  substance,  as  be- 
fore remarked,  enters  largely  into  the  constitution  of  the 
solids  of  the  body.    In  tlie  bones  its  function  is  most  appa- 
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rent.  Its  existence,  in  suitable  proportionj  is  necessary  to  tli« 
mechanical  office  of  these  parte^  giving  them  their  power  of 
resistance,  without  rendering  them  too  brittle*  It  is  more 
abundant  in  the  bones  of  the  lower  extremities^  which 
have  to  sustain  the  weight  of  the  body,  than  in  those  of  the 
tipper  estretnities ;  and  in  the  ribs,  which  are  elastic  rather 
than  resistingj  it  exists  in  less  quantity  than  in  the  bones  of 
the  arm. 

The  necessity  of  a  proper  proportion  of  phosphate  of  lime 
in  the  bones  is  made  evident  by  eases  of  di&^ase.  In  rachi- 
tisj  where,  as  is  &een  by  the  table,  its  quantity  is  very  much 
diminished,  the  bones  are  unalile  to  sustain  the  weight  of  the 
body,  and  become  deformed.  FinalJyj  when  the  phosphate  of 
lime  is  deposited,  they  retain  their  distorted  shape.  The 
phoi^phate  of  lime  may  be  extracted  from  tte  hones  by  ma- 
ceration in  dilute  hydrochloric  acid,  which  dissolves  it,  leav- 
ing only  the  organic  substance*  Bones  treated  in  this  way^ 
though  they  retain  their  form,  become  very  pliable ;  and 
long  slender  one,  like  the  fibula,  may  be  actually  tied  inl 
a  kuott 
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OHfin  and  Discharge  of  Phosphate  of  Lime. — The  ori- 
gin of  this  principle  is  exclusively  from  the  external  world*^ 
It  enters  into  the  constitution  of  our  food,  and  is  discharge^H 
with  the  feces,  urine,  and  other  matters  thrown  oft'  by  the 
body-  Its  quantity  in  the  urine  is  exceedingly  variable*  Le- 
canu  found  from  0'43T  to  29"25D  grains  throi\Ti  off  by  the 
kidneys  during  the  twenty-fonr  hours/ 


Carbonate  of  Zime^  CaO,  CO,. 
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Carbonate  of  lime  exists  in  the  Bones,  Teeth,  Cartilage,  In- 
ternal Ear,  Blood,  Sebaceous  Matter^  and  sometimes  in  the 
Urine,  It  exists  as  a  normal  constituent  in  the  urine  of  some 
herbivora,  but  not  in  the  carnivora,  nor  in  man*     It  is  most. 


Tjumamm^  PA^io£e^^  Chmmtri/f  AmencAn  EditloQ,  toI.  U,,  p.  161. 
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appropriately  considered  immediately  after  the  phosphate  of 
lime,  because  it  is  the  salt  next  in  importance  in  the  consti- 
tntion  of  the  bones  and  teeth.  In  these  structures  it  exists 
intimately  combined  with  the  organic  matter,  imder  the  same 
conditions  as  the  phosphates,  and  has  analogous  functions. 
In  the  fluids  it  exists  in  small  quantity,  and  is  held  in  solu- 
tion by  virtue  of  free  carbonic  acid  and  the  chloride  of  po- 
tassium. 

The  cig-bonate  of  lime  is  the  only  example  of  an  inor- 
ganic proximate  principle  existing  uncombined,  and  in  a 
crystalline  form,  in  the  body.  In  the  internal  ear  it  is  found 
in  this  form,  and  has  a  function  connected  with  audition. 

According  to  Eobin  and  Verdeil,  it  is  possible  that  in 
chemical  analyses  a  certain  quantity  may  come  from  a 
decomposition  by  calcination  of  those  salts  of  lime  which 
contain  a  combustible  acid.^  These  authors  give  a  table 
of  the  quantity  of  this  substjmce  in  various  of  the  solids 
and  fluids  of  the  body,  from  which  we  make  the  following 
selections : 

Table  of  Qiumtity  of  Carbonate  of  Lime. 

Parts  per  1,000. 

In  Bone,  Human  (Beraelius) 113-00 

"     "           "      (Marchand) 102*00 

*'     "            "      (Lassaigne). 76*00 

**  Teeth  of  Infant  one  day  old \                  /  . . .  14000 

"  Teeth  of  Adult >•  Lassaigne  )  . . .  100-00 

"  Teeth  of  Old  Man,  eighty-one  years  )                   (  . . .  10-00 

"  Urine  of  Horse  (Boussingault) 10*82 

Origin  and  Discharge  of  Carbonate  of  Lime, — Carbonate 
of  lime  is  introduced  into  the  body  with  our  food,  held  in  so- 
lution in  water  by  the  carbonic  acid,  which  is  always  present 
in  small  quantity.  It  is  also  formed  in  the  body,  particularly 
in  the  herbivora,  by  a  decomposition  of  the  tartrates,  ma- 

*  Op,  cit^  vol.  il,  p.  247. 
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lates,  citrates,  and  acetates  of  lime  contained  in  the  food. 
These  salts,  meeting  with  carbonic  acid,  are  decomposed,  and 
the  carbonate  of  lime  is  formed.  It  is  probable  that  in  the 
human  subject  some  of  it  is  changed  into  the  phosphate  of 
lime,  and  in  this  form  is  discharged  in  the  urine  ;  but  when 
and  how  this  change  takes  place  has  not  been  definitely  as- 
certained. 

Carbonate  of  Soda,  NaO,  CO,  +  10  HO. 

Carbonate  of  soda  is  found  in  the  blood  and  saliva,  giv- 
ing to  these  fluids  their  alkalinity^  in  the  urine  of  the  hu- 
man subject,  when  it  is  alkaline  without  being  ammoniacal ; 
in  the  urine  of  the  lierbivora ;  in  the  lymph,  cephalo-rachid- 
ian  fluid,  and  bone.  The  analyses  of  chemists  with  regard 
to  this  substance  are  very  contradictory,  on  account  of  its 
formation  during  the  process  of  incineration  ;  but  there  is  no 
doubt  that  it  is  found  in  the  above  situations.  The  follow- 
ing table  gives  the  quantities  which  have  been  found  in  some 
of  the  fluids  and  solids : 

Table  of  QuaMity  of  Carbonate  of  Sod<i, 

Parta  per  1,000. 

In  Blood  of  the  Ox  (Marcet) 1-62 

"  Lymph  (Nasse) 0*56 

**  Cephalo-rachidian  Fluid  (Ijassaigne) 0*60 

"  Compact  Tissue  of  Tibia  in  Male  of  88  years  (Valentin)  2*00 
**  Spongy  Tissue  of  the  same  (Valentin) O'TO 

Function  of  Carbonate  of  Soda. — Tliis  substance  has  a 
tendency  to  maintain  the  fluidity  of  the  fibrin  and  albumen  of 
the  blood,  and  assists  in  preserving  the  form  and  consistence 
of  the  blood  corpuscles.  Its  function  with  regard  to  nutri- 
tion is  rather  accessory,  like  that  of  chloride  of  sodium,  than 
essential,  like  the  phosphate  of  lime  in  the  constitution  of 
certain  structures. 
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Origin  and  Discharge  of  Carbonaie  of  Soda, — This  sub- 
stance is  not  introduced  into  the  body  as  carbonate  of  soda, 
but  is  formed,  as  is  the  carbonate  of  lime  in  part,  by  a  do- 
composition  of  the  malates,  tartrates,  etc.,  which  exist  in 
fruits.  It  is  discharged  occasionally  in  the  urine  of  the  hu- 
man subject,  and  a  great  part  of  it  is  decomposed  in  the 
lungs  by  the  action  of  pneumic  acid,  setting  free  carbonic 
acid,  which  is  discharged  in  the  expired  air. 

Carbonate  of  Potassa^  KO,  CO,. 

This  salt  exists  particularly  in  herbivorous  animals.  It 
is  found  in  the  human  subject  when  subjected  to  a  vegetable 
diet  Under  the  heads  of  function,  origin,  and  discharge, 
what  has  been  said  with  regard  to  the  carbonate  of  soda  will 
apply  to  the  carbonate  of  potash. 

Carbonaie  of  Magnesia,  MgO,  CO,HO,  and  Bicarbonate  of 
Soda,  NaO,  CO,  +  HO,  CO,.* 

It  is  most  convenient  to  take  up  these  two  salts  in  con- 
nection with  the  other  carbonates,  though  they  are  put  at  the 
end  of  the  list  of  inorganic  substances,  as  the  least  important. 
We  know  very  little  about  them,  chemically  or  pliysiologi- 
cally.  Traces  of  carbonate  of  magnesia  have  been  found 
in  the  blood  of  man,  and  it  exists  normally  in  considerable 
quantity  in  the  urine  of  herbivora.  In  the  himian  subject 
it  is  discharged  in  the  sebaceous  matter. 

Liebig  has  merely  indicated  the  presence  of  bicarbonate 
(f  soda  in  the  blood. 

Phosphate  of  Magnesia,  3  MgO,  PO,  -h  7  HO ;  Phosphate 
cf  Soda  (neutral),  3  NaO,  PO. ;  and  Phosphate  of  Potassa, 
2K0,PO.. 

'  Fonnula  of  Graham,  op,  cit.^  p.  889. 
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These  salts  are  found  in  all  the  fluids  and  solids  of  the 
body,  though  not  existing  in  a  very  large  proportion,  com- 
pared with  the  phosphate  of  lime,  which  we  have  already 
considered.  In  their  relations  to  organized  structures,  they 
are  analogous  to  the  phosphate  of  lime ;  entering  into  the 
composition  of  the  tissues,  and  existing  there  in  a  state  of 
intimate  combination.  They  are  all  taken  into  the  body 
with  food,  especially  by  the  camivora,  in  the  fluids  of  which 
they  are  found  in  much  greater  abundance  than  the  carbo- 
nates ;  which  latter,  as  we  have  already  seen,  are  in  great 
part  the  result  of  the  decomposition  by  carbonic  acid  of  the 
malates,  tartrates,  oxalates,  etc. 

With  respect  to  their  functions,  we  can  only  say  that, 
with  the  phosphate  of  lime,  they  go  to  form,  and  are  neces- 
sary constituents  of,  the  organized  structures. 

They  are  discharged  from  the  body  in  the  urine  and 
feces. 

Sulphate  of  Soda,  NaO,  SO ,  +  10  HO ;  Svlphaie  of 
Potaasa,  KO,  SO, ;  SulpJiate  of  Lime,  CaO,  SO,  +  2  HO. 

The  sulphate  of  soda  and  the  sulphate  of  potassa  are 
identical  in  their  situation,  and  apparently  in  their  functions. 
They  are  found  in  all  the  fluids  and  solids  of  the  body,  ex- 
ceptmg  milk,  bile,  and  gastric  juice.  Their  origin  in  the 
body  is  from  the  food,  in  which  they  are  contained  in  small 
quantity,  and  they  are  discharged  in  the  urine.  Their  cliief 
function  appears  to  be  in  the  blood,  where  they  tend  to  pre- 
serve the  fluidity  of  the  fibrin  and  albumen,  and  the  form 
and  consistence  of  the  blood  corpuscles. 

The  sulphate  of  Jime  is  found  in  the  blood  and  feces.  It 
is  introduced  into  the  body  in  solution  in  the  water  which  is 
used  as  drink,  and  is  discharged  in  the  feces. 

Its  function  is  not  understood,  and  is  probably  not  very 
important. 
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Hydrocfdorate  of  Ammonia^  2fH„  HCl. 

This  substance  has  simply  been  indicated  by  chemists  as 
existing  in  the  gastric  juice  of  ruminants,  the  saliva,  tears, 
and  urine.  Some  chemists  make  a  rearrangement  of  its  par- 
tides,  calling  it  chloride  of  ammonium,  when  instead  of 
NBL,,  HCl,  it  would  be  NH^Cl ;  but  as  the  ammonium  is 
hypothetical,  the  name  we  have  used  seems  more  appropriate. 

It  is  discharged  in  the  urine,  in  which  it  exists,  according 
to  Simon,*  in  the  proportion  of  0*41  parts  per  1,000.  Its 
origin  and  function  are  unknown. 

Summary. — ^A  review  of  the  functions  of  the  individual 
inorganic  constituents  of  the  body,  excluding  the  gases,  will 
show  that  they  may  be  divided  into  two  groups :  one,  which 
is  composed  of  those  substances,  existing  particularly  in  the 
solids  and  semi-solids,  which  are  in  a  condition  of  molecular 
union  with  organic  sicbstances,  merge  their  identity^  as  it 
were^  into  them^  and  become  necessary  constituents  of  the 
tismes  ;  and  the  other,  composed  of  substances  which  rather 
ngvlcUe^  hy  their  infAience  in  endosmx)sis^  or  otherwise^  the 
nutritive  processes^  do  not  seem  to  be  indispensable  constituents 
of  the  tissues^  but  have  rather  an  accessory  office  to  perform 
in  ihe function  of  nutrition. 

At  the  head  of  the  first  group  we  may  place  water ;  the 
absence  of  which  involves  destruction  of  the  properties  of 
the  tissues,  and  even  of  the  organic  elements. 

At  the  head  of  the  second  group  we  may  place  common 
salt;  which  is  absolutely  necessary  to  the  functions  of  nutri- 
tion, though  it  does  not  seem  to  form  an  indispensable  ele- 
ment of  the  tissues. 

The  first  group,  as  we  should  naturally  expect,  forms  a 
considerable  proportion  of  the  body,  and  the  articles  compo- 
sing it  are  discharged  in  small  quantity ;  as  in  the  case  of 

'  SofO!!,  Animal  ChemiUryy  with  Reference  to  the  PhyBtology  and  Pathology 
nfMan,  Philadelphia,  1846,  p.  403. 
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water,  which  composes  two-thirds  of  the  entire  organism,  and 
yet  only  about  four  and  a  half  pounds  are  discharged  daily 
from  the  skin  and  lungs,  and  in  the  urine  and  feces. 

The  second  group  enters  and  is  discharged  from  the  body 
in  considerable  quantity,  and  very  little  remains  in  the  or- 
ganism; as  common  salt,  which  exists  in  the  urine  in  a 
greater  proportion  than  in  any  of  the  solids  or  other  fluids. 

The  following  are  the  organic  substances  which  are  ap- 
parently indispensable  to  the  constitution  of  organized  tissues : 

Water. 

Basic  Phosphate  of  Lime. 
Carbonate  of  Lime. 
Phosphate  of  Magnesia. 
"  Soda. 
"         "  Potassa. 

The  following  are  those  which  appear  to  have  an  accessory 
oflSce  in  nutrition : 

Chloride  of  Sodium. 

"        "  Potassium. 
Carbonate  of  Soda. 
Bicarbonate  of  Soda. 
Carbonate  of  Potassa. 

"        "  Magnesia. 
Sulphate  of  Soda. 

"        "  Potassa. 

The  remaining  two  principles,  sulphate  of  lime  and  hy- 
drochlorate  of  ammonia,  are  so  obscure  in  their  function  that 
they  cannot  be  definitely  put  in  either  of  the  above  groups. 

ORGANIC   NON-NTTEOOENIZED   PRINCIPLES. 

{Hydro-  Carbons.) 

The  principles  of  tliis  class  diflbr  widely  from  inoi^anic 
substances.     In  the  first  place,  they  have  a  different  origin. 
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being  formed  exclusively  in  animal  or  vegetable  bodies.  They 

are  of  definite  chemical  composition,  and  crystallizable.     The 

most  important  groups  of  this  class,  i.  e.  the  sugars  and  fats,  are 

composed  of  carbon,  hydrogen,  and  oxygen,  whence  they  are 

Bometimes  called  Sydro-Carbans.    They  are  distinguished 

from  another  class  of  organic  substances  by  the  fact  that 

they  do  not  contain  nitrogen;  which  has  given  them  the 

name  of  NoTv^itrogenized  Principles.     They  are  in   part 

introduced  into  the  body  as  food,  and  in  part  formed  in  the 

economy  by  special  organs.    In  the  former  instance,  they 

nndergo  an  elaborate  preparation  by  digestion  before  they 

become  part  of  the  organism,  differing  in  this  respect  from 

the  inorganic  principles,  which  are  absorbed  unchanged 

With  the  exception  of  butter  and  the  sugar  of  milk,  they  are 

never  discharged  from  the  body  in  health,  but  disappear  in 

the  processes  of  nutrition.    In  this  respect,  also,  they  differ 

from  the  inorganic  principles,  all  of  which  are  discharged 

from  the  body,  most  of  them  in  the  condition  in  which  they 

entered. 

The  most  important  principles  of  this  class  may  be  divided 
into  two  great  groups,  the  Sugars  and  the  FaU;  in  addition 
to  wliich  we  have,  lactic  acid  and  the  lactates,  pneumic  acid, 
pnemnatc  of  soda,  the  fatty  acids  and  their  combinations, 
and  certain  organic  salts  which  are  found  in  the  bile. 

Sugars. 

The  varieties  of  sugar  with  which  we  are  most  familiar, 
of  which  cane  sugar  may  be  taken  as  the  type,  are  not 
jfonnd  in  the  animal  body,  but  belong  to  the  vegetable 
kingdom.  These,  which  form  an  important  element  of 
food,  must  be  modified  by  digestion  before  they  become 
proximate  principles.  For  a  long  time  it  was  supposed 
that  sugar  was  an  exclusively  vegetable  production  and 
consumed  by  animals ;  but  late  experiments,  especially  those 
of  Bernard,  have  shown  that  sugar  is  constantly  produced  by 
animals,  presenting,  in  this  instance,  marked  differences  from 
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the  vegetable  Tarieties.  Vegetablo  sugar  taken  as  food  is 
changed  6o  as  to  resemble  aiiinial  siigar,before  it  is  almorbed* 
In  consideringj  then,  the  proximate  principles  of  the  body,  we 
have  only  to  do  with  the  animal  sugars. 

There  are  two  varieties  of  BUgai"  inantifactiired  in  the 
economy.  The  first  is  constantly  formed  by  the  liver,  and  is 
found  in  this  organ  and  the  blood  which  inrcnlates  between 
it  and  the  lungs.  This  variety  is  called  LimrStLgm*  *  and,  as 
it  appears  in  the  urine  of  diabetics,  Is  sometimes  known  un- 
der the  name  of  diabetic  i^ngar*  The  second  variety  is  only 
present  iti  the  organism  during  lactation.  It  exists  in  the 
milk,  and  is  called  3filk  Sugar,  We  have  also  sugar  resulting 
from  the  transformation  by  digestion  of  eane  sugar  and  etareb, 
which  is  called  Glueoee*  This  rcseniblea  the  liver  sugar  very 
clofiely,  and  is,  indeed,  identical  witli  it  in  composition,  but 
differs  from  it  in  the  fact  that  it  ferments  lesa  easily. 

The  presence  of  sugar  in  the  economy  seems  to  lj6  a  ne- 
cessity of  existence.  It,  or  starch  which  is  readily  converted 
into  glucose,  constitutes  an  important  and  necessary  element 
of  food.  lu  early  life  large  quantities  are  taken  in  with  the 
milk.  This,  howcverj  does  not  seem  to  be  sufficient  to  snpply 
the  wants  of  the  system,  and  we  have  it  continually  manufac- 
tured in  the  interior  of  the  hwly  ;  but  once  fonned,  or  intro- 
duced from  without,  it  undergoes  some  transformation  innutri- 
tion, and  IB  never  discharged  in  liealth.  Sugar  is  exceedingly 
soluble,  and  in  the  economy,  exists  in  solution  in  thcljlooib 
Here  it  lonns  a  union  with  the  chloride  of  sodium,  which 
masks,  to  a  certain  extent,  some  of  its  characteristic  proper- 
ties, such  as  the  peculiar  taste  by  which  it  is  so  readily 
recognized. 

Compomtion  and  Pr€^rim, — The  sugars  are  compoeed 
of  carbun,  hydrogen,  and  oxygen  ;  and  it  is  noticeable  that  the 
hydrogen  and  oxygen  always  exist  in  equal  proportions,  or 
in  the  proportions  winch  form  water ;  a  peiiuliarity  ntfording 
an  explanation  of  the  transformation  of  one  vaiiety  of  sugar 
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into  another,  which  is,  eflTected  in  some  instances  with  great 
facility. 

Simon*  gives  the  following  composition  of  the  animal 
sugars  in  a  crystalline  form : 

Liver  Sugar  and  Glucose^  C,jH,^0,^. 
MUh  Sugar,  C„H,,0„. 

On  exposing  either  of  these  varieties  of  sugar  to  a  dry 
heat,  two  atoms  of  water  of  crystallization  are  driven  off, 
leaving  the  formula  for  liver  sugar,  Cj,H,,0,„  and  for  milk 
sugar,  C,^,oOio-  From  the  relative  composition  of  these 
varieties  of  sugar,  it  is  seen  that  the  addition  of  two  atoms 
of  hydrogen  and  oxygen,  or  water,  to  milk  sugar,  will  trans- 
form it  into  glucose.  This  change  actually  takes  place  in 
digestion.  The  digestive  fluids  act  also  upon  cane  sugar 
(C,^„0„)  and  starch  (C^jH^pOjo),  transforming  them  into 
glucose. 

Animal  sugars  are  distinguished  from  cane  sugar  by 
their  different  behavior  in  the  presence  of  acids  and  alkalis. 
Cane  sugar  is  converted  into  the  animal  variety  by  boiling 
for  a  few  seconds  with  a  dilute  mineral  acid,  and  is  unaffected 
by  boiling  with  an  alkali ;  while  the  animal  sugars  are  not 
affected  by  acids,  and  are  transformed  into  a  dark-brown 
substance,  melassic  acid,  by  boiling  with  an  alkali. 

K  a  solution  of  sugar  be  mixed  with  a  little  fresh  yeast 
and  kept  for  a  few  hours  at  a  temperature  of  from  80°  to 
100®  Fahr.,  a  peculiar  change  takes  place  which  is  called  fer- 
mentation. The  sugar  is  decomposed  into  carbonic  acid  gas, 
which  rises  to  the  top  in  bubbles,  and  alcohol,  which  remains 
in  the  liquid.  Some  ferments,  especially  organic  matters  in 
process  of  decomposition,  when  they  exist  in  a  saccharine 
solution,  have  the  property  of  inducing  a  change  of  the  sugar 
into  lactic  acid  (CJS,0.),  giving  rise  to  what  is  called  the 
lactic-acid  fermentation.     This  process  is  peculiarly  interest- 

'  SufOH's  Chemistry  of  Man^  Philadelphia,  1846. 
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ingiii  a  pbygiologicfd  point  of  view,  from  the  fact  that  mncli 
of  the  sugar  wliieh  dkappeare  in  the  econoni  j  is  now  thought 
to  undei^o  this  change. 

A  clear  solution  of  sugar  has  a  peculiar  effect  upon  polar- 
ized light,  being  poasesBed  of  what  is  called  a  rotatory  power. 
If  a  ray  of  polarized  light  lie  passed  through  a  tube  contain* 
ing  simple  water,  its  dii^ection  is  unchanged ;  but  if  a  saccha- 
rine solution  he  substituted,  it  is  found  to  possess  what  is 
called  molecular  activity,  and  tum&  tlie  ray  to  the  right.  The 
amount  of  deviation,  which  can  easily  he  measm-ed  by  an 
instrument  constructed  for  tliis  purpose  by  Biot  and  Soleil, 
called  a  polarimeter,  indicates  the  quantity  of  sugar  in  the  sola- 
tion.  The  instrument  above  mentioned  is  »ometimes  used 
for  quantitative  analysis. 

r<?*fs  for  Su^m\ — Reliahlo  tests  tor  determining  the 
pregenec  of  sugar  in  the  luiiinal  tissues  and  fluids  are  useful 
to  the  practical  physician  as  well  as  the  physiologist  ^  for 
this  substance  frequently  occurs  in  the  mne,  as  a  pathological 
condition,  when  it  is  essential  to  ascertain  the  fact  of  its 
presence,  even  if  no  attempt  be  made  to  determine  its  quan- 
tity* For  this  purpose  a  number  of  tests  Intve  l»een  devised^ 
which  are  most  of  them  reliable  and  simple  of  application, 

Mooreh^  or  the  Potai^h  TeM. — This  test  depends  on  the 
conversion  of  the  animal  sugars  into  melassic  acid  by  boiling 
with  a  caustic  alkali.  It  is  employed  in  tlie  ibllowing  way; 
To  a  small  pt>rtion  of  the  suspected  liquid  in  a  test  tube  we 
add  a  little  caustic  potash  in  solution,  and  boil  the  mixture. 
If*  sugar  be  present,  a  bro^^nish  color  vn\l  be  produced^  its 
intensity  depending  upon  the  quantity  of  sugar.  This  t(^t 
is  applicable  only  to  glucose,  grape  sugar,  and  the  animal 
varieties. 


Trommer^s  Test, — This  is  one  of  the  most  delicate  and 
convenient  tests  for  sugar.    It  is  employed  in  the  following 
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way:  To  the  suspected  Kquid  in  a  tert  tube,  we  add  one  or 
lico  drops  of  a  moderately  strong  solution  of  sulphate  of 
copper,  and  render  the  mixture  distinctly  alkaline  by  the 
addition  of  caustic  potash  in  solution.  On  the  addition  of 
the  alkali  the  mixture  will  assume  a  distinctly  blue  color, 
especially  marked  if  sugar  be  present.  On  the  application 
of  heat,  if  sugar  be  present,  a  little  before  the  liquid  reaches 
the  boiling  point,  a  yellowish  or  reddish  precipitate  will 
begin  to  show  itself  in  the  upper  part  of  the  test  tube,  which 
as  the  heat  continues  will  gradually  extend  through  the  whole 
of  the  liquid.  If  no  sugar  be  present,  the  liquid  will  retain 
its  clear  blue  color,  unless  the  boiling  be  prolonged,  when  a 
black  precipitate  of  the  black  oxide  of  copper  is  likely  to 
appear.  In  this  test,  before  the  heat  is  applied,  the  copper 
is  in  the  form  of  the  sulphate  of  a  protoxide  (CuO,  SO,), 
which  is  soluble;  but  on  boiling  in  an  alkaline  solution, 
the  sugar  becomes  oxidized,  is  transformed  into  an  acid, 
the  nature  of  which  is  not  well  determined,  and  the  copper, 
losing  an  equivalent  of  oxygen,  becomes  reduced  to  the  con- 
dition of  a  sub-oxide  (Cu,0),  which  has  a  reddish  or  yellow- 
ish color,  and  is  insoluble.  This  is  the  way  in  which  the  test 
is  generally  employed.  Trommer  recommended  (1841),  with 
special  reference  to  examination  of  urine,  to  first  add  the 
solution  of  potash,  then  filter,  and  then  add  the  solution  of 
copper.  If  sugar  be  present,  a  reduction  of  the  sub-oxide  will 
take  place  spontaneously  in  a  few  hours,  or  may  be  produced 
immediately  by  boiling.  This  removes  certain  sources  of 
obscurity  in  examining  the  urine,  which  result  from  a  pre- 
cipitate produced  by  the  simple  action  of  the  potash,  and  not 
dependent  on  the  presence  of  sugar. 

If  care  be  taken  to  employ  the  following  simple  precau- 
tions in  the  application  of  this  test,  it  will  be  found  the  most 
reliable  and  simple  of  any  that  are  in  use  for  qualitative 
analysig. 

The  solution  to  be  examined  must  be  clear.  A  clear 
extract  of  the  blood,  muscles,  or  liver,  is  easily  made  in  the 
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following  way :  Tlie  blood,  or  tissue,  finely  divided,  is  boiled 
with  a  little  water  ami  eulphate  of  soda.  In  a  few  raonrents 
the  organic  and  coloring  matters  will  become  coagulated, 
when  it  h  to  be  tbrown  on  a  filter,  and  a  clear  extract  will 
pass  tbrouglK  This  extract  will  contain  sulpbate  of  soda, 
which  IB  very  sobible  in  hot  water,  but  this  does  not  interfere 
with  the  apiilicatiou  of  the  te^t.  The  same  result  may  be 
obtained  liy  boiling  with  anhnal  eharcoalj  enough  lidng 
added  to  make  a  thin  paste^  and  filtering ;  a  process,  how- 
ever, which  is  more  tedious  and  has  no  advantages  over  the 
one  just  described. 

In  testing 'the  urine^  a  light  floccnlent  precipitate  will 
generally  be  obtained,  though  no  sugar  be  present.  With 
a  little  experience  this  may  be  dtstinguMied  from  the 
depoait  of  sub-oxide  of  copper,  by  the  fact  that  it  is  less 
highly  colored,  and  appears  in  flakes  afler  it  finally  settles 
to  the  bottom  of  the  test  tube,  of  a  light  grayish  color ; 
while  the  sub-oxide  of  copper  settles  to  the  bottom  in  the 
form  of  a  lieavy  red  powder.  If  there  be  any  doubt  as  to 
the  nature  of  the  reaction,  the  urine  may  be  purified  in  ra- 
rious  ways  before  testing.  A  very  simple,  and  perhaps  the 
best  method,' i^  to  make  a  paste  with  nniraal  charcoal  and 
filter.  Robin  recommends  the  following  process ;  "  To  be 
certain  of  the  presence  of  glucose,  we  free  it  (the  liquid)  from 
aU  reducing  matters ;  1st,  adding  to  the  urine  an  excess  of 
the  neutral  acetate  of  lead,  then  filtering;  2d,  adding  to  this 
clear  filtered  liquid,  ammonia,  until  it  is  sliglitly  alkalincj 
and  filtering.  We  can  then  treat  the  second  liquid  with  the 
reagents ;  and  if  it  precipitates,  it  is  certain  that  there  is  sugar 
in  the  urine."  *  Another  method  is  to  evaporate  the  urine  to 
the  consistence  of  a  syrup,  extract  this  with  alcohol,  driye 
off  the  alcohol  by  evaporation,  and  dissolve  the  residue  in 
water;  when  if  sugar  be  pi^esent  it  will  respond  to  the  test. 


*  Diftionn^ire  de  Mtdecin^,  «*«*,  <fe  P.  H.  NtOTKf ,  pur  E.  Littek  ct  Ch.  Rctsuii 
Parift,16G@.    ''Sucre:' 
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It  is  a  curious  fact  that  sugar  added  to  healthy  urine,  even 
in  large  quantity,  will  not  respond  to  Trommer's  test,  on 
account  of  organic  matters,  which  interfere  with  the  reduc- 
tion of  the  copper.  The  cause  of  this  interference  we  do  not 
understand ;  but  in  diabetes,  the  organic  substances,  whatever 
they  may  be,  are  not  present,  or  at  least  do  not  interfere  with 
the  application  of  tests  for  sugar. 

Another  precaution  to  be  adopted  is  to  add  a  small  quan- 
tity, two  or  three  drops  only,  of  the  solution  of  sulphate  of 
copper,  especially  if  we  suspect  the  sugar  to  be  present  in 
small  quantity ;  for  if  too  much  be  added,  a  portion  only  of 
the  oxide  of  copper  will  be  reduced,  and  that  j^hich  remains, 
by  its  blue  color,  may  obscure  the  reaction. 

BarreswUPa  Test. — For  those  engaged  in  physiological 
investigations,  when  it  is  desired  to  roughly  estimate  the 
quantity  of  sugar  in  any  clear  extract,  and  when  the  test  is 
to  be  employed  very  frequently,  Barreswill's  solution  is  con- 
venient. This  is  simply  a  solution  of  tartrate  of  copper  and 
caustic  potash.  The  reaction  with  this  fluid  is  precisely  the 
same  as  in  Trommer's  test.  It  has  seemed  to  me,  if  there  be 
any  difference,  that  the  reduction  takes  place  more  promptly 
with  the  sulphate  of  copper,  but  that  the  tartrate  will  detect 
a  smaller  quantity  of  sugar.  The  advantage  of  Barreswill's 
test  is,  that  but  a  single  fluid  is  to  be  added  to  the  suspected 
solution.  The  only  disadvantage  is,  that  the  solution  is  liable 
to  alteration  if  kept  more  than  a  few  days  or  weeks.  After 
standing  for  a  certain  time,  a  yellowish  sediment  is  deposited, 
and  the  fluid  will  no  longer  reduce  in  the  presence  of  sugar. 
Its  properties  may  be  renewed  by  adding  a  little  potash  and 
filtering ;  but  in  delicate  observations,  it  is  always  better  to 
nse  a  solution  whieh  has  not  undergone  alteration. 

In  employing  this  test,  we  add  to  the  suspected  fluid 
enough  of  the  solution  to  give  the  whole  a  distinctly  blue 
color,  and  boil ;  if  sugar  be  present,  we  have  a  reduction  of 
the  yellowish  sub-oxide  of  copper  as  in  Trommer's  test. 
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The  solution  may  be  prepared  according  to  the  following 
formula,  reduced  to  grains  from  the  formula  given  by  Ber- 
nard: * 

Of  bitartrate  of  potash,  3  vi.  gr.  xxiij. 

Of  crystallized  carbonate  of  soda,  3  v.  gr.  ix. 

Dissolve  in  3  vss.  of  water ;  add  to  tlie  solution  3  iij-  gr- 
li.  of  sulphate  of  copper,  and  boil ;  allow  the  mixture  to 
cool  and  add  3  v.  gr.  ix.  of  potash  dissolved  in  5  iv.  of  water. 
Add  water  till  the  whole  measures  3  xvii. 

Maumefie's  Teat—BoUger's  Test.—ThQ  first  of  these 
tests  is  employed  by  saturating  strips  of  some  woollen  tissue, 
such  as  flannel,  with  a  strong  solution  of  bichloride  of  tin, 
and  drying.  One  of  these  strips  is  moistened  with  the  susr 
pected  liquid,  and  dried  quickly  by  the  heat  of  a  fire  or  lamp. 
If  sugar  be  present,  the  strips  will  assume  a  brownish  or  black 
tint. 

Bottger's  test  depends  upon  the  reduction  of  a  salt  of  bis- 
muth, analogous  to  the  reduction  of  the  copper  in  Trommer's 
test.  It  is  employed  in  the  following  way :  We  add  to  tlie 
suspected  liquid  a  few  drops  of  a  weak  solution  of  tlie  nitrate 
of  bismuth  in  nitric  acid,  render  the  whole  alkaline  by  the 
addition  of  a  solution  of  carbonate  of  soda,  and  boil  for  three 
or  four  minutes.  If  sugar  be  present,  the  bismuth  will  be 
reduced,  and  form  a  dark  precipitate.  Neither  of  these  tests 
presents  any  advantage  over  Trommer's  test,  which  is  the  one 
most  generally  employed. 

Femuntation  Test, — ^With  the  exception  of  actual  ex- 
traction, this  is  the  most  certain  test  for  sugar,  and  should 
always  be  employed  when  the  other  tests  leave  any  doubt 
with  regard  to  its  presence.  It  depends  on  a  property  of 
sugar  whereby  it  is  decomposed  into  alcohol  and  carbonic 
acid  in  the  presence  of  certain  ferments,  at  a  moderately  ele- 
vated temperature.     The  test  is  applicable  to  all  varieties  of 

*  UkiinarD)  Lcfom  de  Ph}fsiologx€  ExperirMTUale^  Puns,  1865,  p.  84. 
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sugar ;  but  it  must  be  remembered  that  milk  sngar  fer- 
ments slowly  and  with  difficulty.     In  its  application,  all  tliat 
is  necessary  is  to  add  a  few  drops  of  fresh  yeast,  and  keep 
the  suspected  liquid  for  a  few  hours  at  a  temperature  of  fi'om 
80°  to  100°  Fahr.   The  mixture  should  be  placed  in  some  appa- 
ratus by  which  the  gas  which  forms  may  be  collected  and  an- 
alyzed. To  effect  this^  we  may  fill  a  large  test  tube  and  invert  it 
in  a  small  shallow  vessel ;  or  if  there  be  but  a  small  quantity  of 
liquid,  we  may  use  a  very  simple  and  convenient  apparatus 
described  by  Bernard.     This  is  simply  a  lai^e  test  tube  fitted 
with  a  good  cork,  perforated  to  allow  the  passage  of  a  small 
tube  which  extends  to  the  bottom.     This  tube  may  be  turned 
up  at  the  lower  end,  and  bent  above  so  as  to  permit  the 
escape  of  the  liquid  as  the  gas  is  formed.     The  whole  is  com- 
pletely filled  with  the  suspected  solution,  to  which  have  been 
added  a  few  drops  of  fresh  yeast,  and  kept  at  a  temperature 
of  80°  to  100°  Fahr.     If  sugar  be  present,  bubbles  of  gas  will 
soon  begin  to  appear,  which  will  collect  at  the  top  and  force 
a  portion  of  the  liquid  out  by  the  small  tube.     If  no  gas  has 
appeared  at  the  end  of  four  or  six  hours,  it  is  certain  that  no 
sugar  is  present.     This  test  is  conclusive,  if  proper  care  be 
taken  in  its  application ;  and  to  insure  accuracy,  it  is  well  to 
test  the  yeast  with  a  saccharine  solution  to  demonstrate  its 
activity,  and  test  it  also  with  pure  water,  to  be  sure  that  it 
contains  no  sugar.    We  may  then  demonstrate  that  the  gas 
produced  is  carbonic  acid  by  removing  the  cork  and  inserting 
a  lighted  taper,  which  will  be  immediately  extinguished,  or 
passing  it  into  another  vessel  and  agitating  with  lime-water, 
^hich  will  be  rendered  milky  by  the  formation  of  the  insolu- 
We  carbonate  of  lime.     The  alcohol  remains  in  the  liquid, 
fo>ni  which  it  may  be  separated  by  careful  distillation. 

Measures  for  demonstrating  the  composition  of  the  gas 
^d  the  presence  of  alcohol  in  the  liquid  are  by  no  means 
necessary  in  the  ordinary  application  of  the  test.  The  dis- 
tinct formation  of  gas  in  the  liquid  is  generally  sufficient 
evidence  of  the  presence  of  sugar. 
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Tondcp. — ^Another  test  of  the  presence  of  sugar  is  the 
growth  of  the  ToriUw  cerevi^ice.  After  diabetic  urine  has 
8too(l  for  some  time  at  a  moderate  temperature,  a  delicate 
scum  will  form  upon  the  surface,  which,  on  microscopic 
examination,  will  be  found  to  consist  of  a  vegetable  growth, 
presenting  a  number  of  oval  joints  irregularly  connected. 
These  are  called  Torulm,  After  a  time  they  break  up  and 
fall  to  the  lK)ttom  of  the  vessel,  as  minute  oval  spores.  This 
appearance  is  observed  even  when  a  small  quantity  of  sugar 
is  present. 

Viu^ious  moiles  of  procedure  have  been  described  for  the 
dotormination  of  the  quantities  of  sugar.  In  general  terms 
it  may  bo  stated  that  the  copiousness  of  the  precipitate  in 
Tn>nnner's  test,  and  the  amount  of  gas  evolved  in  the  fer- 
mentation test,  give  some  idea  of  the  quantity  of  sugar 
present.  For  directions  for  accurate  quantitative  analysis  the 
reader  is  referred  to  works  on  organic  chemistry. 

Oriijin  and  Functions  of  Sugar. — Sugar  is  an  important 
element  of  tlnnl  at  jdl  j>eriods  of  life.  In  the  young  child  it 
is  intrinhuvii  in  considerable  quantity  with  the  milk.  In 
the  adult  it  is  introduced  partly  in  the  form  of  cane  sugar, 
but  lui^tly  iji  the  form  of  starch,  which  is  converted  into 
Hugar  in  the  pnnvss  of  digestion.  With  the  exception  of 
milk  sngj^r,  wliioh  is  present  only  during  lactation,  all  the 
i*ugar  \\\  the  KhIv  exists  in  a  form  resembling  glucose,  into 
whii'h  n\ilk  sugar,  cano  sugar,  and  starch  are  all  converted, 
oitlior  K^ton^  tliey  5U«  al>sorl>eii,  or  as  they  pass  through  the 
Hvor.  lu  ad\lition  to  these  external  sources  of  sugar,  it  is 
continually  manufaotunxl  in  the  economv  bv  the  liver, 
wliv^ivv  it  is  taken  up  by  the  bUxni  passing  through  this 
t>rp\n.  It  diSiipivArs  frvnu  the  bkxxl  in  its  passage  through 
the  liiUiTs.  SuiT^r  is  found  tlien  in  the  economy  con- 
stant Iv,  iu  the  suWtauvv  of  the  liver,  in  the  blood  conung 
frvMu  tI\o  liver,  and  in  the  bUvxi  of  the  right  side  of  the 
heart :  an\l  attor  the  iui^^tion  of  saccharine  or  amvlaceons 
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articles  of  food,  in  the  blood  of  the  portal  vein.  It  is  not 
foimd  in  other  organs,  nor  does  it  normally  exist  in  the 
arterial  blood. 

During  the  first  three  or  fonr  months  of  foetal  life  sugar 
is  fonned  by  the  placenta,  and  exists  in  all  the  fluids  of  the 
foetus,  in  greater  quantity  even  than  after  birth.  At  the 
third  or  fourth  month  the  liver  begins  to  take  on  this  fdne- 
tion,  which  is  gradually  lost  by  the  placenta.  The  constant 
production  of  this  principle  in  the  economy,  even  in  the 
early  months  of  foetal  life,  is  significant  of  the  importance  of 
its  function. 

The  function  of  sugar  and  its  mode  of  disappearance  in 
the  economy  are  not  yet  well  understood.  Its  early  forma- 
tion in  large  quantity,  when  the  processes  of  nutrition  are 
most  active,  seems  to  point  to  an  important  office  in  the 
performance  of  this  general  ftmction.  Its  presence  is  un- 
doubtedly necessary  at  all  periods  of  life ;  for  its  formation 
never  ceases  in  health.  Bernard  has  attempted  to  show  that 
its  presence  in  the  animal  fluids  favors  cell  development,  but 
has  hardly  succeeded  in  establishing  this  fully.* 

It  has  been  claimed  that  the  sugars  and  fats  are  for  the 
purpose  of  keeping  up  the  animal  temperature,  and  are 
oxidized  or  undergo  combustion  in  the  lungs.  This  view 
vas  afterwards  modified  by  Liebig  and  others,  who  supposed 
that  the  oxidation  takes  place  in  the  general  system.  Tliis 
theory  will  be  discussed  more  fully  in  the  chapter  on  animal 
heat.  Here  we  can  only  say  that,  while  there  are  many  cir- 
cumstances which,  taken  by  themselves,  might  lead  to  such 
*  conclusion,  the  production  of  heat  in  the  body  is  closely 
connected  with  the  general  process  of  nutrition,  of  which  the 
disappearance  of  oxygen  and  formation  of  carbonic  acid  are 
tut  a  single  one  of  many  important  changes.  We  have  not  yet 
sufficient  ground  for  the  supposition  that  the  substances  under 
consideration  are  directly  and  exclusively  acted  upon  by  oxy- 

'Bduued,  Zeforu  de  Phynologie  Expkrimcnlale,  Paris,  1866,  p.  247  et  §eg. 
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gen  in  the  organism.  The  term  calorific  elements,  which 
is  sometimes  applied  to  them,  cannot  therefore  be  accepted. 
When  we  endeavor  to  substitute  for  this  theory  a  definite  ex- 
planation of  the  uses  of  sugar  in  the  economy,  we  find  our- 
selves at  a  loss ;  but  it  must  be  remembered  that  we  are  yet  for 
from  having  a  complete  knowledge  of  the  functions  of  the 
body,  particularly  those  connected  with  the  intimate  pro- 
cesses of  nutrition. 

In  the  present  state  of  science,  we  are  only  justified  in 
saying  tlrnt  sugar  is  importami  in  the  process  of  deodopment 
and  nutrition^  at  ail  periods  of  life.  The  precise  way  in 
which  ii  influences  these  processes  is  not  fully  imderstood. 

Sugar  disappears  from  the  blood  in  its  passage  througb 
the  lungs,  in  great  part,  probably,  by  conversion  into  lactic 
acid.  This  change  has  been  demonstrated  in  the  blood  of  a 
diabetic  patient ;  all  the  sugar  contained  in  the  blood  being 
tlius  changed  in  less  than  twenty  minutes.^ 

Sugar  is  never  discharged  firom  the  body  in  health,  with 
the  single  exception  of  the  sugar  of  milk  in  the  female  during 
lactation.  Under  certain  diseased  conditions  of  the  system 
its  i>rodaction  by  the  liver  is  exaggerated,  so  that  a  certain 
quantity  i>asses  through  the  lungs,  exists  in  the  arterial  blood, 
and  apiMjars  in  the  urine,  constituting  the  very  serious  affec- 
tion called  diabetes  mellitus. 

Fats. 

Fatty  or  oily  matters  exist  in  both  the  animal  and 
vogi^table  kingtloms«  Those  which  are  most  interesting  to 
IIS  as  phyaioU^gists  aro  the  varieties  found  in  animals,  which 
iHMi8titutt>  an  iin[H>rtant  gri>up  of  proximate  principles.  Both 
vi^^tablo  and  animal  fats  are  impi>rtant  elements  of  food. 

In  tho  aiumal  twnomy  fat  exists  in  three  varieties,  which 
art^  oalKnl,  rt^jHvtivoly,  (We^i/i**,  J^t/zyinW,  and  Stearine. 
Ill  tvrttuu  ^tuations  aro  found  some  of  the  fatty  acids  and 
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their  combiuations,  bnt  they  exist  in  minnte  quantity,  and 
their  fimction  is  comparatively  xmimportant. 

ComjHmtian  and  Properties. — ^In  their  ultimate  composi- 
tioD,  fats  bear  a  certain  resemblance  to  the  sugars.  Like 
them  they  are  composed  of  carbon,  hydrogen,  and  oxygen ; 
but  the  two  latter  elements  do  not  exist,  as  in  sugar,  in  the 
proportions  to  form  water.  From  this  difference  we  should 
be  led  to  suspect,  what  is  really  the  fact,  that  the  different 
varieties  of  fat  are  not  mutually  convertible. 

The  fat  which  exists  in  the  body  is  a  mixture  of  the  three 
varieties  above  mentioned,  and  is  found  in  the  ordinary  adi- 
pose tissue,  and  in  the  substance  of  certain  tissues  in  the 
form  of  minute  globules  or  granules.  It  is  not  found  in  any 
great  quantity  in  the  blood,  except  after  digestion  of  a  full 
meaL  It  exists  in  the  chyle  in  a  state  of  extremely  minute 
subdivision  and  suspension.  It  exists  in  the  milk,  also  in  a 
state  of  minute  subdivision,  but  presenting  some  slight  differ- 
ences from  the  ordinary  fatty  matter  of  the  economy. 

Robin  and  Verdeil  give,  as  the  ultimate  composition  of 
Stearine,  C„H,oO,.  The  other  varieties  are  separated  from 
their  union  with  each  other  with  great  difficulty,  and  have 
not  yet  been  obtained  in  a  state  of  sufficient  purity  for  nlti- 
tnate  analysis.  The  reaction  of  all  the  varieties  of  fat  is 
neutral. 

Fat,  in  greater  or  less  quantity,  is  found  in  all  the  tissues 
of  the  body,  with  the  exception  of  the  substance  of  the  bones, 
the  teeth,  and  the  elastic  and  inelastic  fibrous  tissue.  It 
always  consists  of  a  mixture  of  the  three  varieties  in  varying 
proportions,  but,  with  one  or  two  exceptions,  is  never  com- 
bined with  any  other  of  the  proximate  principles.  In  the 
^pose  tissue  proper,  it  is  enclosed  in  little  cells  which  are 
called  the  adipose  vesicles.  In  all  other  situations  it  is  in  the 
form  of  microscopic  globules  or  granules.  As  it  is  thus  dis- 
tinct from  other  elements,  it  may  be  always  recognized  in  the 
organism  by  the  naked  eye  or  the  microscope.    In  the  ner- 
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vous  matter  tliere  exists  a  plioBpliorized  fat,  the  coinposition 
and  propeities  of  wliidi  are  not  very  well  understoo*!,  m 
ODion  with  organic  matter,     A  minute  qnantitj  of  fat  exiEts 
in  combination  with  the  organic  matter  of  the  blood  corpus^     j 
dee.  1 

Tiie  fata  are  insoluble  in  water  and  in  the  animal  flutds^ 
with  the  exception  pcrliapB  of  the  bile,  which  holds  a  f^mall  i 
quantity  in  Bolution  by  virtue  of  its  saponaceous  constituents*  j 
They  are  all  very  soluble  in  other  and  hot  alcohol,  and  l^tiifl 
slightly  soluble  in  cold  alcohol.  The  varieties  which  are  solid  " 
at  the  temperature  of  the  body,  stearino  and  margarine,  are  , 
easily  dissolved  by  oleine,  which  is  liquid, 

Tlie  most  marked  distinction  between  the  varieties  of  fnt 
h  in  their  consistence*  Oleinc  is  liquid  at  the  teinperature 
of  the  body,  and  even  at  the  freezing  point  of  wat^r.  Mar- 
garine is  liquid  at  or  above  the  temperature  of  118°,  and  1 
steaiine  at  tlie  tempenitui*e  of  148^  Fahr,  Tbe  difterence  in 
the  consistence  of  adipose  tissue  of  different  animals  depends 
upon  the  relative  pmportion  of  the  various  kinds  of  feU 

SapanifieaMon, — When  fat  is  boiled  for  a  certain  time 
with  an  alkali ,  in  the  presence  of  water,  it  undei^oes  a  pecB 
liar  decomposition  whicli  is  called  aaponification.    A  jiortic 
of  the  water  is  appropriated,  and  the  fat  is  converted  int 
glt/cerifie  and  an  aeid.     The  acid  is  called  oieie^  mar^arie, 
or  Biearic  aeid^  as  it  is  foi*med  from  oleine,  margarine^  or 
stearine*     In  this  process  the  glycerine  remaiiiB  uncombined, 
and  the  acid  unites  with  the  alkali  to  form  what  is  commonly 
known  as  a  soap. 

This  kind  of  decomposition  is  called  saponiii cation  by  a 
base ;  but  technically,  saponification  is  regarded  as  any  pro- 
ems by  which  a  fat  is  decomposed  into  its  acid  an<l  glycerine. 
This  may  be  effected  by  passing  the  vapor  of  water  through 
fat  whicli  has  been  raised  to  a  temperature  of  5T2°  Falir.  The 
action  of  the  strong  acids  is  also  to  decompose  fat*  When  a 
small  quantity  of  acid  m  uaedj  it  unites  with  the  glycerine; 
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when  a  large  quantity  is  used,  it  unites  with  the  fatty  acid. 
The  process  of  formation  of  glycerine  and  fatty  acids  in- 
volves the  fixation  of  a  certain  quantity  of  water ;  so  that 
the  combined  weights  of  the  glycerine  and  acid  exceed  that 
of  the  fat  originally  employed.*  It  is  thought  by  some  that 
this  acidification  of  fat  takes  place  to  a  certain  extent  in  di- 
gestion ;  however  this  may  be,  it  is  not  an  essential  part  of 
the  digestive  process. 

Emuhion. — ^When  liquid  fat  is  violently  shaken  up  with 
vater,  it  is  minutely  subdivided,  and  an  opaque  milky  mix- 
ture is  the  result.  But  this  is  momentary,  the  two  liquids 
fieparating  almost  immediately  from  each  other  when  they 
we  no  longer  agitated.  There  are  certain  fluids,  however, 
vhich  have  the  property  of  holding  fat  permanently  in  a 
state  of  minute  subdivision  and  suspension,  forming  what  is 
called  an  emulsion.  Out  of  the  body,  mucilaginous  fluids 
and  white  of  egg  have  this  property.  In  the  body,  we  find 
M  examples  of  emulsions  the  chyle,  which  is  formed  by  the 
action  of  the  pancreatic  juice  upon  the  fatty  elements  of 
food,  and  milk,  which  is  composed  of  butter  held  in  suspen- 
sion by  the  water  and  caseine.  The  property  of  forming 
cniulsions  with  certain  liquids  is  one  of  the  most  interesting 
attributes  of  the  fats,  as  it  is  in  this  form  only  that  it  can 
&id  its  way  from  the  alimentary  canal  into  the  general 


Origin  and  Functions  of  Fat, — One  source  of  fat  in  the 
^nomy  is  the  food.  It  constitutes  an  important  article  of 
^iet,  existing  in  animal  food  in  the  form  of  adipose  tissue, 
and  mingled  to  a  certain  extent  with  the  muscular  tissue. 
V^table  oil  also  is  quite  a  common  article  of  food.  When 
introduced  in  the  form  of  adipose  tissue,  the  fat  is  freed  from 
Its  vesicles  by  the  action  of  the  gastric  juice,  is  generally 

'  Regkault,  CofUTi  iUmentaire  de  Chmie^  Paris,  1868,  tome  iv.,  p.  414. 
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melted  at  the  teinperature  of  the  body,  and  floats  in  tlie  form 
of  oil  on  the  alimentaiy  mm^  It  passes  then  into  the  Buiall 
intestines  unchangedj  is  emulsified  by  the  pancreatic  juice, 
and  abflorhed  by  the  lactcals,  A  email  quantity  of  tat  is 
absorbed  by  the  radicles  of  tlie  portal  vein.  After  a  fall  i 
meal,  the  blood  of  a  caraivorona  animal  frequently  contains  ^M 
enough  fatty  emulsion  to  form  a  thick  white  pelicle  on  cooling*  " 

Tlie  qiie^iriou  as  to  the  possibility  of  the  formation  of  fat 
in  the  organism  may  be  now  considered  as  deflnitely  settled* 
It  has  been  shown  by  Liebig,  Bousslngaultj  and  others,  that 
in  young  animals  especially,  the  fat  in  the  body  cannot  all  l^e 
accounted  for  by  that  which  lias  been  taken  in  as  food  added 
to  that  which  the  body  contained  at  birth.  The  eatperimeuts 
of  Bonssingault,'  on  this  point,  on  young  pigs,  are  very  con- 
clusive, and  demonstrate  that  fat  must  be  produced  some* 
where  in  the  organism.  Bernard*  has  sbow^  that  an  emul- 
sive substance,  wJiich  he  regards  as  fat  in  combination  with 
organic  nitrogenized  matters,  is  produced  by  the  liver,  and 
is  taken  up  by  the  blood  of  the  hepatic  vein.  He  believes 
that  it  is  produced  at  the  ex])en&e  of  the  amylaceous  or  sac- 
charine elements  of  foocL 

It  is  vety  certain  that  the  generation  or  deposition  of 
fat  in  the  body  may  be  influenced  very  considerably  by 
diet,  and  the  conditions  of  the  system.  This  is  daily  exem- 
plifled  in  the  inferior  animals,  and  is  true,  though  it  is  not 
perlmpa  as  universal,  in  the  human  subject.  It  bm  been 
tbund  that  a  diet  consist]  ug  largely  of  fatty,  amylaceous,  and 
aaccliarine  principles  tavors  the  accunniktion  of  fat,  whilo 
an  exclusively  nitrogenized  diet  is  unfavorable  to  it,  and  will 
pi\>ducc  emaciation,  if  rigidly  followed.  Muscular  aetivit}', 
it  is  well  known,  is  unfavorable  to  the  accumulation  of  fat ; 
which  may  account  in  a  measure  for  its  greater  relative  quan- 
tity in  the  female.    In  soma  individuals,  especially  when  its 


'  BuLMAfiH,  I^anM  de  Fh^tioi^^  E^iriitumtak^  Piuifif  1S55,  p,  154  H  Mf, 
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cumulation  is  excessive,  there  is  an  hereditary  tendency  to  fat. 
Organs  which  are  in  process  of  atrophy  from  disease,  or  other 
causes,  are  apt  to  be  the  seat  of  a  deposit  of  fatty  granules ; 
as  the  muscular  fibres,  which,  in  many  diseases  character- 
ized by  rapid  emaciation,  are  found  to  be  the  seat  of  fatty 
d^neration. 

There  are  certain  situations  where  fat  never  exists,  as  in 
the  eyelids  and  scrotum ;  and  others  where  it  is  always  found, 
even  in  extreme  emaciation,  as  in  the  orbit  and  around  the 
Iddneys.     Ordinarily,  fat  is  pretty  well  distributed  through- 
out the  body,  having  a  tendency  to  accumulate,  however, 
beneath  the  skin,  and  in  the  omentum,  where  its  presence  is 
least  hkely  to  interfere  with  the  function  of  parts,  and  where 
it  serves  to  maintain  the  uniform  temperature  of  the  body, 
and  particularly  of  the  delicate  abdominal  organs. 

The  average  relative  quantity  of  fat  in  the  human  body 
has  been  calculated  by  Burdach  to  be  five  parts  per  hundred. 
In  the  body  of  a  man  weighing  176  pounds,  he  found  8*8 
pounds  of  fat.' 

In  certain  parts  fat  has  an  important  mechanical  ftmc- 
tion.  It  serves  as  a  soft  bed  for  delicate  organs,  as  the  eye 
and  kidney.  It  is  a  bad  conductor,  and  thus  prevents  the 
loss  of  heat  by  the  organism.  This  is  very  important  in 
some  warm-blooded  animals,  as  the  whale,  in  which  the  loss 
of  heat  would  be  very  great  were  it  not  for  the  immensely 
thick  layer  of  fat  just  beneath  the  skin.  It  is  important  in 
filling  up  the  interstices  between  the  muscles,  bones,  ves- 
sels, &c. 

Fat,  like  sugar,  has  undoubtedly  an  important  office  in 
connection  with  the  general  processes  of  development  and  nu- 
trition. We  have  not  yet  arrived  at  an  accurate  knowledge 
of  the  changes  which  it  undergoes  as  it  is  used  up  by  the 
economy ;  for  with  the  single  exception  of  butter  in  the  milk, 

*  BcRDACH,  Trente  de  Phytiologie^  Paris,  1837,  tome  viii.,  p.  80.    Translated 
&«n  tiie  Gennan  by  JourdaD. 
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it  is  never  discharged  from  the  body  in  health.  We  have 
abeady  alluded  to  the  view  that  the  sugars  and  fats  are 
respiratory  or  calorific  elements,  which  undergo  oxidation 
in  respiration,  and  are  immediately  concerned  in  the  produc- 
tion of  animal  heat.  One  of  the  arguments  in  favor  of  this 
function  of  fat  has  been  that  in  cold  climates,  where  there  is 
a  greater  demand  for  the  generation  of  heat  by  the  system, 
fat  is  a  more  common  and  more  abundant  article  of  diet 
This  is  undoubtedly  true,  but  other  principles  are  consumed 
in  greater  quantity,  and  the  general  process  of  nutrition,  of 
which  the  production  of  heat  is  but  a  single  phenomenon,  is 
intensified.  There  is  not  sufficient  ground  for  supposing  that 
fat  has  any  such  exclusive  function.  Its  office  is  connected 
with  the  general  process  of  nutrition ;  and  its  various  trans- 
fonnations  in  connection  with  this  function,  we  have  as  yet 
been  unable  to  follow. 

Fatty  Adds  and  Soaps. — In  addition  to  the  fatty  sub- 
stances just  described,  the  following  fatty  acids,  free,  and 
united  with*  bases  to  form  soaps,  have  been  found  in  the  blood : 

Oleic  Acid  (C,,H„0,HO), 
Margaric  Acid  (0,^H„0,B[0) 
Ol^eate  of  Soda^ 
Margaraie  of  Soda. 

Oleic  and  margaric  acids  have  been  detected  in  minute 
quantities  in  a  free  state  in  the  blood  and  bile.  Their 
function  is  unknown.  The  oleate  and  margarate  of  soda  are 
found  in  small  quantity  in  the  blood,  bile,  and  lymph.  They 
serve  to  hold  in  solution  the  small  quantity  of  the  fatty  acids 
and  fats  which  exists  in  these  fluids.  The  function  of  all 
these  substances  is  comparatively  unimportant.  In  the  blood 
of  the  ox,  Eobin  and  Verdeil  have  found  a  small  quantity  of 
stearic  acid  and  the  stearate  of  soda. 

Odorous  Principles. — ^It  is  well  known  that  the  perspira- 


ODOSOUS  PKmCIPLE8.  67 

tion  of  certain  parts,  as  the  axilla  and  sometimes  the  feet,  has 
a  distinct  odor.  This  is  supposed  to  be  due  to  combinations 
of  volatile  fatty  acids  with  soda  and  potassa.  Most  of  the 
inferior  animals  have  a  distinctive  odor,  which  may  generally 
be  readily  recognized,  and  is  always  strongly  developed  in 
the  blood  by  the  addition  of  sulphuric  acid.  Barreul  gives 
the  following  conclusions  as  the  result  of  an  extended  series 
of  observations  on  this  subject : 

"1.  That  the  blood  of  every  species  of  animal  contains 
a  principle  peculiar  to  each  one.  2.  This  principle,  which 
is  very  volatile,  has  an  odor  like  that  of  the  perspiration. 
3.  The  volatile  principle  is  in  a  state  of  combination  in  the 
blood,  and  while  this  combination  exists  it  is  not  appreciable, 
i  When  this  combination  is  destroyed,  the  principle  of  the 
blood  becomes  volatile,  and  from  that  time  it  is  not  only 
possible,  but  very  easy  to  recognize  the  animal  to  which  it 
belongs.  5.  In  each  species  of  animal  the  odorous  principle 
is  manifested  with  greater  intensity  in  the  male  than  in  the 
female.  6.  The  combination  of  this  odorous  principle  is  in 
a  state  of  solution  in  the  blood  which  permits  it  to  be  devel- 
oped either  in  the  blood  entire,  in  the  defibrinated  blood,'  or 
in  the  serum.  1.  Of  aU  the  means  employed  for  setting  free 
the  odorous  principle  of  the  blood,  concentrated  sulphuric 
acid  is  that  which  succeeds  the  best.  It  suflSces  to  add  one- 
third  or  one-half  of  the  volume  of  blood  employed,  and  a  few 
drops  of  blood  is  sufficient."  ' 

Lactic  Acid — Pneumic  Acid — Pneumaie  of  Soda, 

Lactic  acid  may  be  formed  by  what  is  called  the  lactic  acid 
fermentation  of  sugars,  particularly  sugar  of  milk.  This  kind 
of  action  is  induced  by  the  presence  of  certain  organic  fer- 
ments, or  by  organic  nitrogenized  matter  in  process  of  de- 
coniposition.     This  principle  does  not  exist,  as  was  at  one 

'  RoBDi  and  Yxbdixl,  op,  ct/L,  tome  iii,  p.  90. 
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time  BUppOBed,  in  fresh  milk,  but  only  after  it  has  become 
sour.  Its  composition  (C.H^O,  +  HO)  assimilates  it  to  the 
HUgiirs,  and  indicates  how  it  may  be  formed  theoretically  from 
thorn  by  transposition  of  their  atoms ;  milk  sugar  having  for 
its  comi)08ition  C„II„0,„  which  is  also  the  formula  for  an- 
liydrous  glucose. 

It  is  a  constant  constituent  of  the  gastric  juice,  and  is 
indlKpensablo  to  the  digestive  properties  of  this  secretion. 

Lactic  acid  has  been  demonstrated  by  Liebig  in  the 
juice  of  nmscular  tissue.* 

Sources  and  Function. — This  principle  may  be  formed,  in 
niinuto  quantity,  in  the  intestines,  from  the  saccharine  and 
aniylacoous  articles  of  food ;  but  it  is  in  greatest  part  pro- 
(IuchhI  in  the  economy  as  an  element  of  secretion.  It  is 
thought  that  a  great  portion  of  the  sugar  which  passes  in  the 
bliHxl  ftoxw  the  liver  to  the  lungs  is  converted  into  lactic  acid. 
If  this  be  the  case,  it  unites  with  bases  and  is  almost  imme- 
diatoly  deoi>mposeil  and  lost.  Lactates  in  the  blood  are  very 
nmdily  convortoii  into  oarlwnates,  as  has  been  shown  by  the 
i^X{H>rin)ont8  of  Ix>lunann,*  who  took  into  the  stomach  half  an 
owncH^  of  tlry  lactate  of  soda,  and  in  thirteen  minutes  his 
urino  httd  an  alkaline  reaction  from  the  presence  of  carbon- 
att^  Alkalinity  of  the  urine  from  this  cause  is  often  pro- 
duiHHl  bvtho  ingt>$tion  of  combinations  of  thev^etable  acids 
in  tVuitj^  otw 

Tho  nuv<t  n^arkerl  function  of  lactic  acid  is  in  the  gastric 
juJ\H\  wul  will  Ih^  ciMisddeJwd  under  the  head  of  digestion. 

f^i-^mii"  Ai'^i  i7fHi  PHe¥»MU  of  Soda^ — ^Pneumic  acid 
\v^.<  di?i»vv>Yn\l  and  extracted  6vau  the  tist^ue  of  the  lungs  by 
Voi>k^il  in  ISM.*  Its  ultimate  comjxtatiiHi  is  not  given, 
A\\\\!\Jii\jr  t^>  tV.i^i  awth^vr^  it  exists  in  the  longs  of  the  mam- 
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malia  at  all  periods  of  life.  He  extracted  about  three-fonrthB 
of  a  grain  firom  the  perfectly  healthy  lungs  of  a  female  who 
was  guillotined.    It  has  not  been  found  in  other  situations. 

Its  function  is  connected  with  respiration.  The  carbon- 
ates and  bicarbonates  of  the  blood,  in  passing  through  the 
Inngs,  are  in  part  decomposed  by  pneumic  acid,  a  certain 
portion  of  the  carbonic  acid  in  the  expired  air  being  evolved 
in  this  way. 

Pneumate  of  Soda  is  produced  by  the  action  of  pneumic 
acid  upon  the  carbonates  of  soda  in  the  blood,  and  is  found 
in  the  blood  which  passes  through  the  lungs.  It  is  not  dis- 
charged from  the  body,  undergoing  in  the  system  some 
transformation  with  which  we  are  unacquainted. 

OBOANIO  NTTROOENIZED  PEINCIPLE8. 

Principles  of  this  class  differ  essentially  from  all  the  other 
constituents  of  the  body.  They  are  the  only  elements  en- 
dowed with  what  are  called  vital  properties,  and  upon  them 
depend  all  the  phenomena  which  characterize  living  struc- 
tures.   This  important  fact  cannot  be  too  fully  insisted  upon. 

AU  the  vital  phenomena  which  take  place  in  the  hody 
dq>end primarily  upon  organic  nitrogenized  principles^  which 
(^  the  only  elements  in  the  organism  endowed  with  life. 

By  a  tissue  or  fluid  endowed  with  life  is  meant : 

A  combination  of  proximate  principles  which  has  the  prop- 
^y^under  certain  condUions^of  appropriating  materials  for 
its  nmirishment  and  regenerating  itself  to  repair  the  continual 
^ruction  or  waste  to  which  all  living  bodies  are  subject. 

This,  which  is  the  great  process  of  XuTnrnoN,  is  going 
on  from  the  beginning  to  the  end  of  life ;  its  phenomena 
are  distinct  from  those  which  take  place  in  inert  com- 
pounds, and  are  called  vital.  Take,  for  example,  the  nutri- 
^^e  processes  which  take  place  in  the  muscles  or  the  bones. 
In  common  with  all  pails  of  the  body,  these  tissues  are 
continually  undergoing  waste.     The  circumstances   under 
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which  they  can  supply  this  waste,  or  regenerate  themselves  by 
the  appropriation  of  suitable  materials,  involve  contact  with 
the  circulating  blood.  They  take  materials  from  this  fluid  and 
change  them  into  their  own  substance.  This  process  takes 
place  only  in  living  bodies,  and  is  unknown  in  the  inorganic 
kingdom.  As  it  is  the  great  characteristic  of  life,  its  accom- 
plishment being  the  end  and  object  of  all  the  functions  of 
the  organism,  the  study  of  these  organic  principles  is  mani- 
festly of  the  greatest  importance.  We  shall  find  that  their 
properties  are  peculiar  to  themselves,  and  their  chemical  study 
must  necessarily  be  eminently  phy8i4)logical.  To  arrive  at 
any  definite  idea  of  their  properties,  the  methods  of  study 
which  have  been  generally  employed  by  chemists  must  be 
discarded,  as  by  these  they  are  reduced  to  inorganic  ele- 
ments, and  treated  simply  as  combinations  of  inert  sub- 
stances. They  must  be  studied  as  nearly  as  possible  in  the 
condition  in  which  they  exist  in  tlie  body ;  which  is  neces- 
sarily the  condition  in  which  they  are  capable  of  manifesting 
their  characteristic  vital  phenomena. 

These  principles  are  found  in  all  the  fluids,  semi-solids, 
and  solids  of  the  body,  except  the  excrementitious  fluids.* 
The  nutritive  fluids  contain  several.  In  each  tissue  an  or- 
ganic principle  is  found  which  presents  certain  peculiarities 
more  or  less  distinctive.  They  are  all  formed  in  the  or- 
ganism, and,  with  the  exception  of  the  milk,  a  little  mucus, 
desquamated  epidermis  and  epithelium,  and  an  almost  inap- 
preciable quantity  exhaled  by  the  lungs  and  skin,  are  never 
discharged  unchanged  from  the  body,  in  health.  They 
assume  the  consistence  of  the  part  in  which  they  are  found ; 
being,  therefore,  fluid,  semi-solid,  and  solid.  They  constitute 
by  far  the  greater  part  of  the  organism ;  but  their  quantity 
in  the  whole  body  has  never  been  accurately  estimated. 
Their  reaction  is  neutral.  As  a  peculiarity  of  chemical  com- 
position, they  all  contain  nitrogen ;  whence  they  are  called 

*  Tlie  oxcromentitioiis  fluids  contAin  coloring  matters,  which  Robin  and  Yerdei] 
put  in  this  class,  but  which  do  not  scc-m  to  be  endowed  with  vital  properties. 
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NUrogenized  Principles.  They  all  closely  resemble  one  of 
the  most  important  and  certainly  the  most  carefully  studied 
of  their  number,  namely,  albumen ;  whence  they  are  some- 
times called  AUnmiinoida,  They  were  regarded  by  Mulder 
as  compounds  of  a  theoretical  radical  or  base  which  he 
called  Proteine,  and  after  this  chemist  are  sometimes  called 
Prateine  compounds. 

Composition  and  Properties, — 1.  Studied,  as  they  gener- 
ally have  been,  from  a  purely  chemical  point  of  view,  they 
a|e  regarded  by  many  as  solid  substances  in  solution  in  the 
fluids,  in  a  condition  approximating  to  this  in  the  semi-solids, 
and  of  course  as  solid  in  the  solids,  like  the  bones  and  teeth. 
This  view  is  erroneous,  as  we  shall  see  that  some  are  natu- 
rally fluid,  some  are  semi-solid,  and  some  are  solid.  In  this 
condition  they  have  been  found  to  consist  of  Carbon,  Hydro- 
gen, Oxygen,  Nitrogen,  with  sometimes  a  little  Sulphur  and 
Phosphorus.  The  coloring  matters  contain  in  addition  a 
small  proportion  of  Iron.  By  ultimate  analysis  they  have  been 
found  to  be  of  indefinite  chemical  composition^  which,  indeed, 
we  would  be  led  to  expect  from  the  state  of  continual  change 
in  which  they  exist  in  the  body.  By  the  method  em- 
ployed in  arriving  at  their  ultimate  composition,  even  before 
analysis,  they  are  completely  destroyed  as  organic  principles 
hy  desiccation,  and  rendered  incapable  of  exhibiting  any  of 
their  characteristic  properties.  The  composition  of  their 
dry  residue  only  is  thus  given,  while  in  reality  they  all  con- 
tain more  or  less  water,  which  enters  into  their  composition, 
and  deprived  of  which  they  cannot  be  called  organic  sub- 
stances. The  proportion  of  water  is  to  some  extent  variable, 
hut  confined  within  tolerably  narrow  limits." 

2.  The  organic  principles  never  exist  alone,  but  always  in 

*  BoBiN  and  Virdiil,  op.  ai,^  tome  iii.,  p.  147. 

'  For  a  farther  discussion  of  this  important  subject,  see  an  article  by  the  author 
in  the  ^mmam  Journal  of  the  Medical  Sciences^  October,  1863,  On  the  Organic 
^^^iroffenized  Frinciplen  of  the  Body^  with  a  New  Method  for  their  JSttimation  in 
theBood, 
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combination  with  inorganic  substances,  whicb,  thoagh  per- 
haps not  absolutely  necessary  to  the  properties  by  which  they 
are  recognized  out  of  tlie  body,  are  essential  in  the  perform- 
ance of  their  vital  functions  in  the  eeoDouiy«  Under  these  cir- 
cumstances the  organic  and  inorganie  principles  are  so  closely 
united,  that  the  latter  may  he  sai(i  to  acquire,  by  virtue  of 
this  iinion^  vital  propertieSp  Though  unaltered,  the  inorganic 
are  discharged  with  tho  worn-out  organic  substances,  and^  ^. 
comhined  with  fresh  organic  matter,  are  deposited  in  the  ^M 
txBsues  in  the  process  of  regeneration*  ^^ 

3-  The  ojganic  principles  whicli  are  naturally  fluid  may 
be  eoagulatedj  but  under  no  circumstances  do  they  assume  a  i 
definite  or  crystalline  form.    We  slionld  !«?  led  to  expect  thl&| 
from  the  tact  that  tliey  have  no  absohitely  ii-xcd  compusltioo. 
When  the  liquids  of  thia  class  are  thus  solidified,  they  are 
not  precipitated  from  a  solution,  Imt  are  made  to  assume 
a   new   formj   still   retaining    their  water  ot'   composition. 
When  exposed  to  evaporatiouj  whether  tliey  be  fluid  or  semi- 
solid^ their  water  may  bo  Jriveii  off,  and  thoy  are  said  to  be 
desiccated.     They  can  be  made  to  assume  their  water  of 
composition  again  by  simple  contact,  as  they  have  in  a  high  | 
degree  the  property  of  hyg^nyindriciiy^     Both  these  propertied 
are  peculiar  to  organic  fiubetances. 

4-  When  exposed  to  a  Tery  elevated  temperature,  tbati 
which  ha«  been  considered  by  chemists  as  the  organic  sul)- 
stance  proper  is  volatilized  and  driven  oft^  leaving  the  inor- 
ganic substances,  which  always  enter  into  its  composition, 

6.  In  their  natural  condition,  the  organic  principles  havaj 
no  very  distinct  odor ;  but  vv^hen  exposed  for  some  time  to 
moderate  heat,  certain  odorous  or  empyreumatic  substance 
are  produced.     This  change  is  peculiar  to  oi^nie  mattersj 
and  takes  place  in  the  process  of  cooking.    When  these  ele-l 
ments  are  used  as  food,  tins  process  serves  a  useful  purpose, 
rendering  them  more  agreeable  to  the  taste,  aad  facilitating 
their  digestion* 

6.  One  of  the  great  distinctive  propertieB  of  organie  prin- 
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dples,  out  of  the  body,  is  putrefciction.    In  contact  with 
the  air,  at  a  moderate  temperature,  they  undergo  decompo- 
sition into  carbonic,  lactic,  and  butyric  acids,  and  ammonia. 
When  tliis  change  has  once  commenced,  it  has  been  found 
by  Wurtz  to  continue  in  a  vacuum.*     Putrefaction  is  a 
process  peculiar  to  organic  substances.      By  it   they  are 
transformed  into  substances  which  are  used  in  the  nutrition 
of  v^tables ;  and  as  vegetables  are  eventually  consumed  by 
animals,  the  animal  matter  is  not  lost,  but  returns  again 
through  this  channel,  so  that  the  two  kingdoms  are  continu- 
ally interchanging  elements.     Organic  matters  in  putrefac- 
tion are  capable  of  setting  up  the  same  process  in  other 
articles  of  this  class  by  simple  contact,  neither  giving  up  nor 
taking  away  any  chemical  elements.     They  are  then  called 
fmnenta,  and  this  action  is  said  to  be  catalytic.    As  before 
remarked,  this  constitutes  one  of  the  most  important  charac- 
teristics of  organic  matters ;  one,  indeed,  which  enables  us 
to  recognize  them  when  they  exist  in  quantities  too  minute  for 
chemical  analysis,  as  in  exhalations  from  the  pulmonary  and 
cutaneous  surfaces. 

Prateine. — In  1838,  just  after  the  promulgation  of  the 
theory  of  vegetable  organic  radicals  by  Liebig  and  Dumas, 
Mulder  attempted  to  show  that  the  organic  animal  substan- 
ces were  all  compounds  of  a  radical  which  he  called  Prote- 
ine.  This  theory  was  pretty  generally  received,  and  gave  to 
organic  matters  the  name  of  Proteins  Compounds^  by  which 
they  are  sometimes  known.  He  treated  albumen,  fibrin,  and 
caseine  with  alcohol  and  ether  to  remove  the  fats,  and  with 
hydrochloric  acid  to  remove  inorganic  salts ;  dissolved  them, 
thug  purified,  in  a  solution  of  potash,  and  precipitated  with 
•«etic  acid  a  substance  said  to  possess  always  the  same  char- 
^^<^ters,  which  he  called  proteine ;  and  which,  by  union  with  a 
certain  quantity  of  sulphur  and  phosphorus,  was  capable 
of  forming  fibrin,  albumen,  and  caseine.    But  the  analyses 

*  Cited  by  Robin  and  Verdeil,  op,  cU.,  tome  iii.,  p.  142. 
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of  (liflcrent  eliemiBts  Lave  shown  that  proteine  itself  hm  aiP 
mdetinite  chemical  composition,  hardly  any  two  formulaB 
being  the  eatne.     It  is  cseentiallj  an  artificial  product;  and 
w^th  the  views  we  have  taken  of  the  coanx>eition  of  organie 
finbetanoes,  there  is  not  tlie  slightest  reason  to  suppoBe  that 
it  plays  the  part  of  a  base  or  radical  for  a  group  of  definite 
compounds.     It  is  not   a  distinct  chemical  Piibstance,  fo 
its  coinposiliou  m  indefinite;  nor  a  proximate  principle^  for  i 
is  produced  artificially  and  by  deeomixtsition.      We  must 
therefore  reject  the  theorv'  that  it  seiTcs  as  the  radical  of  a 
deSmte  series,  and  dijacard  the  name  of  Proteine  Compounds^^ 
as  applied  to  organic  principles.  ^M 

Caialfms. — Catalysis,  or  catalytic  action,  is  a  name  given 
to  a  certain  process  which  we  do  not  as  yet  understand,    Th^H 

word  was  introduced  by  Ber^elius  in  1835,  and  applied  to 
certain  actions  or  affinities  brought  into  play  in  inorgatiiij 
bodies  by  the  mere  presence  of  another  anbfitance,  the  latte 
not  undergoing  any  chemical  alteration.  It  is  now  applie 
to  all  chemical  changes  w^hich  are  induced  by  the  mmpls 
prminiee  of  any  subBtancej  like  the  ]>articu]ar  class  of  sub- 
stances called  ferments,  in  which  the  substance  inducing  tliis 
action  undergoes  no  chemical  change.  Permentationj  which 
was  considered  in  treating  of  sugar,  is  an  example  of  catalysis ; 
the  sugar  being  decomposed  into  carboiiie  acid  and  alcohol  trom 
the  ikct  of  the  mere  presence  of  yeast,  which  has  notldng  to 
do,  €}i£7niealhj^  with  the  process.  Putrefaction,  which  we 
have  just  considered,  is  an  example  of  catalysis ;  for  a  small 
quantity  of  any  animal  substance  in  a  state  of  putrefaction 
is  capable,  hy  iU  presence^  of  setting  up  the  same  process  in 
other  principles  of  this  class.  Nutrition,  and  to  a  certain  ex- 
tent digestion,  are  examples  of  catalysis ;  for  in  the  repair 
of  tlie  system,  certain  materials  arc  taten  from  the  blocK]  b^ 
the  tissues^  and  hj  the  latter  changed  into  diifcTent  sul 
stances^  as  musculine  for  the  muscles,  oBteine  for  the  bone 

\  elements  which  are  diesoh  ad 
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are  changed  by  the  presence  of  certain  organic  substances  in 
the  digestive  fluids.  Any  process  set  up  by  the  mere  presence 
of  sabstances,  which  themselves  undergo  no  chemical  change, 
or  the  transformation  of  one  variety  of  organic  matter  into 
another  from  the  mere  fact  of  contact,  is  called  catalysis. 

The  general  properties  we  have  mentioned  are  possessed 
by  all  organic  principles ;  which,  indeed,  differ  from  each  other 
very  little  in  their  general  characters,  and  even  in  ultimate 
composition.  Those  which  go  to  form  the  tissues  are  endowed 
with  identical  vital  properties.  Robin  and  Verdeil  give  seven- 
teen distinct  substances  belonging  to  this  class,  of  which  four 
are  coloring  matters.*  But  three  of  these  principles  have  been 
carefully  studied  with  reference  to  their  ultimate  composition ; 
but  their  composition,  which  is  indefinite,  and  not  necessary 
to  their  vital  properties,  is  of  little  physiological  interest. 
The  number  of  equivalents  of  the  various  ultimate  elements 
18  entirely  arbitrary,  as  these  principles  enter  into  no  definite 
combinations. 

Table  of  Organic  Princij>l€S. 

Name,  Where  Found. 

Fibrin  (Ca„H^O„N4oSa). Blood,  Chyle,  Lymph. 

AiK««,on  /P    TI    O  V  q  \  i  ^^^^»  ^y^^  Lymph, 

Albumen  (C,.3uA«N„S,) -j  ^^^^^  ^^ 

Albuminose. Chyme,  Blood. 

Caaeine  (0,8«H„,0.oN„&,) MUk. 

Ilacosme Mucus. 

Pancreatine Pancreatic  Juice. 

Pepsin Gastric  Juice. 

Globuline Blood  Globules. 

MuBculine Muscles. 

Osteine. Bone. 

Cartilagine. Cartilage. 

Elasticine Elastic  Tissue. 

Keratine Nails,  Hair,  Epidermis. 

, Crystalline Crystalline  Lens. 


*  These  authors  do  not  consider  that  pepsin  has  been  fuUy  established  as  a 
<fistiQct  proximate  principle.  Its  distinctive  properties  seem  to  be  sufficiently 
vdl  marked,  and  it  has  therefore  been  included  in  the  list. 


w 


DrrBODUcnoif, 


Hetnaline  . , 
^  UrroiiBcine, , 


y  All  eoDiAlo  Itod, 


Colofiiig  Matter  of  Blood 
-       Bile. 


Fibrin  is  fbrnid  in  the  bloody  lymph,  and  chyle.     In 

the  iirBt-named  fluid  it  exists  in  coiisiderable  quantity,  but 
in  the  last  two  it  ia  nineh  less  abundant.  Its  quantity  hns 
been  estimated  by  cliemiBts  in  all  the  above-mentioned  fluids, 
Imt  the  analyses  which  are  generally  given  i-epre&ent  driedfl 
flbrin,  and  give  us  no  definite  idea  of  its  quantity  in  the  form 
in  which  it  naturally  exists.  The  qnautity  of  fibrin  in  the 
bloody  estimated  by  the  author  by  a  process  in  which  it  is 
not  exposed  to  desiecationj  is  between  8  and  9  part^  per 
1000,*  This  proportion  i^  undoubtedly  quite  variahle  within 
the  limits  of  health.  According  to  Becquerel  and  Kodier,*  its 
quantity  m  considerably  increased  during  gestation,  and  is 
greater  in  adults  than  in  very  young  or  very  old  persons. 
As  a  general  rule,  it  is  more  abundant  in  arterial  tlian  in 
venous  bloinl,  and  is  often  entirely  absent  from  the  blood  of  the 
hepatic  and  renal  veins.  Ko  eonstant  ditierence  in  quantity 
has  lieen  estahhshed  in  the  sexes,  and  its  proportion  apjieani 
to  bear  no  definite  relation  to  the  vigor  of  the  individnul. 

It  appears  in  the  blood  at  alK»nt  the  fifteenth  day  of  intra^ 
uterine  life,  and  exists  constantly  from  that  time, 

Tlie  cinnposition  of  fibrin  is  given  in  the  table*  It  eon- 
tains  carbon,  hydrogen,  oxygen,  nitrogen,  and  a  little  sulphnn 
The  pro|H>rtion  of  these  suhstancee,  however,  is  indefinite, 
and  the  formula,  like  that  of  all  the  prinei[iles  of  this  class, 
is  entirely  arbitrary^  as  it  enters  into  no  definite  combina-j 
tiona,  and  consequently  has  no  combining  equivalent.  It 
ultimate  eonipos^ition  is  comparatively  unimportant,  for  i| 

*  ^  iutiek  ill  Am,  Jour.,  kx-.  cit    Tliuugli  ihe  ordsw?  nefl^odi  of  kqaIj 
du  nut  gkc  Uiii  t%^\  qutLuUUea  of  £brin,  thvy  gipc  Impoftuit lemlti  tricb  Rgudl 
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givea  us  no  indication  of  the  properties  by  which  it  is  recog- 
nized, nor  of  its  fhnctions ;  and,  indeed,  has  been  fonnd  to 
differ  little,  if  at  all,  from  the  composition  of  mnscnline  or 
albumen,  the  properties  of  which  are  very  different. 

Fibrin  may  be  easily  extracted  from  the  fluids  in  which 
it  exists.  Perhaps  the  best  mode  of  procedure  is  to  whip 
the  fluid,  freshly  drawn,  with  a  bundle  of  twigs  or  broom 
com.  In  this  way  the  fibrin  may  be  quickly  and  completely 
separated.  It  is  then  freed  from  foreign  matters,  such  as 
blood-corpuscles,  by  washing  under  a  stream  of  water,  at  the 
same  time  kneading  with  the  fingers. 

Fibrin  is  not,  as  is  supposed  by  many,  a  solid  substance 
in  solution  in  the  liquids  in  which  it  is  found.  It  is  naturaUy 
lijuid  and  mingled  with  the  watery  elements.  After  coagu- 
lation it  contains  a  certain  proportion  of  water,  capable,  it  is 
tnie,  of  being  driven  off  by  evaporation,  but  nevertheless 
water  of  composition,  deprived  of  which  it  loses  the  prop- 
erties by  which  we  recognize  it  as  fibrin. 

Properties  of  Fibrin, — The  striking  peculiarity  by  which 
fibrin  is  recognized  is  its  spontaneous  coagulability.  All  the 
flnids  in  which  it  is  contained,  when  drawn  from  the  body  or 
placed  under  abnormal  conditions,  become  more  or  less 
coagulated,  and  their  coagulating  principle  is  called  fibrin. 
It  is  this  substance,  therefore,  which  gives  to  the  blood  its 
peculiar  and  important  property  of  coagulability.  The  con- 
dition under  which  fibrin  coagulates  seems  to  be  that  of  stasis. 
Whenever  it  is  drawn  from  the  body,  or  in  the  vessels,  when 
circulation  becomes  arrested,  it  assumes,  after  a  variable  time, 
a  semi-solid  consistence.  The  cause  of  this  remarkable  phe- 
nomenon was  obscure,  until  the  ess^  of  Richardson  on  the 
"Cause  of  the  Coagulation  of  the  Blood"  appeared  in  1856. 
%  a  series  of  carefully  conducted  experiments,  this  observer 
demonstrated  that  the  blood  contains  a  small  quantity  of  free 
^"wnonia,  which  has  the  power  of  maintaining  the  fibrin  in  its 
liquid  condition.     This  ammonia  is  being  continually  devel- 
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aped  in  tbe  gjstenij  is  taken  up  bj  the  circulating  Wood  and 
exiialed  by  the  lungs.  When  the  circulation  is  arrested  in  any  ^ 
part,  of  course  the  blood  takes  up  no  more  ammonia;  and  aiH 
that  whicli  it  contained  is  gradually  exhaled  through  the 
tissuefij  arreat  of  the  circulation  in  any  part  for  a  certain  time 
is  followed  by  coagulation  of  the  tibrin.  When  blood  h 
drawn  Irom  the  ve&aek,  the  exhalation  of  ammonia  is  rapid, 
and  coagulation  takes  place  very  readily.  Some  other  chem- 
ical Bubstances,  BUch  a3  the  carbonate  of  eoda^  have  the 
power  of  maintaining  the  iluidity  of  the  fibrin,  ^H 

Fihrin  does  nut  coagulate  into  a  homogeneou&  mass,  bu^" 
foniis  minute  microscopic  filamenti?,  or  fibrila^  which  after- 
wards contract  for  ten  or  twelve  hours,  so  that  the  clot  at 
the  end  of  that  time  is  much  smaller  than  immediately  afto^^ 
cooj^ulation,  ^M 

We  recognize  only  as  fibrin  that  liquid  organic  principle 
which  coagulates  whenever  removed  frum  its  natui-al  cob 
dition.     By  coagulation  its  form  only  h  changetl,  not 
weight,  and  we  must  consider,  therelbre,  the  water  which 
eontained  in  the  coagulated  mass  as  water  of  composition. 

Pure  coagulated  filu-'in  h  a  grayish-wliite  substance,  com- 
posed  of  microscopic  fibrils,  and  possessing  considerable 
strength  and  elasticity.  It  is  insoluble  in  water  and  in  the 
serum  of  the  blood,  liut  dissolves  slowly  in  solutions  of  caustic 
alkalis.  It  swells,  assumes  a  jelly-like  consigtenee,  and  is 
finally  partially  dissolved  in  a  very  feeble  mlxtorc  of  hydro- 
chloric acid  and  water.  Like  all  principles  of  this  class,  it 
decomposes  at  a  moderate  temperatui'e  in  contact  with  the 
air  and  moisture. 


Organizat/an  of  Fihrin, — Tlie  question  of  the  organiz 
tion  of  accidentally  effiiscd  and  coagulated  fibrin  has  occupied 
t!ie  attention  of  |iathologigtB  a  great  deal,  and  some  are  of 
opinicm  that  it  is  capable  of  becoming  part  of  the  oi^anizodfl 
living  structure.      This  supposition   had   its  origin  in  an 
a-saumed  identity  between  fibrin  and  reparative  lympl 
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as  it  is  sometimes  called,  coagnlable  lympli,  which  repairs  losses 
of  tissne.  As  the  process  of  repair  of  parts  after  destruction 
must  be  considered  as  analogous  to,  and  almost  identical  with, 
ordinary  nutrition,  the  above  question,  which  is  so  important 
ia  pathology,  is  one  of  great  physiological  interest. 

The  conditions  under  which  the  organization  of  fibrin  has 
been  assumed  to  have  taken  place,  are  in  clots  remaining 
after  yascular  extravasations,  and  fibrinous  exudations  upon 
inflamed  surfaces.  The  most  important  information  is  to  be 
derived  from  a  study  of  the  anatomical  characters  of  such 
effbaions.  By  the  microscope,  and  all  means  of  investigation 
which  are  at  our  command,  it  is  impossible  to  distinguish  in 
fliese  efiusions  any  thing  but  fibrin.  There  are  no  blood- 
veaaels,  nerves,  nor  any  anatomical  elements  which  would 
lead  us  to  suppose  them  capable  of  self-regeneration,  that 
distinctive  property  of  all  organized  tissues;  and,  in  addi- 
tion, these  are  never  developed.  The  changes  which  these 
effusions  undergo  are  retrograde  in  their  character ;  and  the 
fibrin,  if  it  be  not  absorbed,  remains  as  a  foreign  substance. 
The  fibrillation  which  takes  place  is  by  no  means  an  evidence 
of  even  commencing  organization ;  for  in  effusions  into  the 
tissues  it  soon  disappears,  and  if  the  efi'usion  be  not  too  large, 
the  mass  breaks  down  and  is  finally  absorbed.  When,  on 
the  other  hand,  effusion  of  organizable  lymph  takes  place, 
the  process  is  very  different.  It  is  elaborated,  indeed,  rather 
than  effused;  first  appearing  as  a  homogeneous  fluid,  in 
which  fibro-plastic  nuclei,  then  fibres,  are  developed,  and  in 
some  instances  blood-vessels,  lymphatics,  and  nerves.  Ac- 
cording to  Robin,  plastic  lymph  does  not  even  contain  fibrin ; ' 
mnch  less  are  the  two  identical.  The  process  of  organization 
is  slow  and  gradual,  and  in  no  case  does  it  take  place  from 
the  blood,  or  elements  of  the  blood,  suddenly  or  accidentally 
effused. 

There  can  be  no  doubt  that  effused  and  coagulated 

*  IHdummre  de  Nystkn,  par  Robin  et  LiTTiii,  Taris,  1868.    "  Li/mph  Flaa- 
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fibrin  h  incapable  of  OTganization ;;  and  it  may  be  further 
stated  as  a  general  law  that  710  smffle  proximate  prmc*jde^ 
nor  mere  meehanr-eal  mixture  (if  proxlifuit^  prineipk^^  e^used 
ifda  any  2><i-rt  of  the  body^  ever  acts  m  any  other  way  than  a$j 
a  foreign  snhstaiiee, 

Li  certain  instances  of  morlnd  action,  effiisions  take  place 
either  on  tlie  surface:^  of  membranes,  or  between  two  appo&ing' 
snrfacesi  attaclim*^  them  to  each  other  by  bridles  or  adhe- 
sionSj  which  actnany  become  organized.  This  occurs  most 
frequently  in  serous  membranes,  and  the  structure  tbtis 
tbrniBl  h  entirely  different  I'rom  coagulated  fibrin,  which  has 
no  connection  with  tlie  parte,  except  that  of  contig^uity,  Eoth 
of  theso  ibrinations  have  lieen  included  in  the  term,  falB^H 
membranes ;  but  Robin  makeS  a  v^tj  proper  diBtiuction  bo<W 
twecn  them,  calling  the  one,  which  is  merely  coagulated 
fibrin,  like  the  membrane  of  croup,  fahe  membranes^  aij 
pseudo-'meinbranes  ;  and  the  others  membranes  of  newfarim 
tkm^  or  neo-iimitbrmiee.  The  former  consist  simply  of  tt 
fibrin,  wliich  nature  has  been  unable  to  rcinoire  by  absorption  f 
and  the  latter^  of  reguUirlj  elaborated  anatomical  elementS|^ 
endowed  with  the  properties  of  eelf-regeneration  eommoii 
to  all  orjjanized  structures. 
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Orlgm  and  Functtmi  qf^ihrln,' — The  fibrin  of  the  blood 
has  its  direct  origin,  in  part  at  least,  from  the  albnmen,  bj_^ 
the  catalytic  transformation  which  so  otten  takes  place  ftilH 
principles  of  this  class.     It  has  been  noticed  that  wlien  fibrin 
is  increased  in  the  blood,  albumen  is  dimini&hed*     In  sonxe 
experiments  presented  to  the  Society  of  Biology  of  Pai'is  by 
Dn  Brown*Seqnard,  it  was  &hown  that  detibriuated  IjIlkxI 
injected  into  the  arteries  of  a  criminal  just  after  death,  on 
being  retiinied  by  the  Teins,  coagulated,  and  presente^l  a 
notable  quantity  of  fibriuj     The  remote  origin  of  fibrin  iiH 
from  the  organic  nitrogenized  elements  of  foo<J ;  which,  afte^™ 
having  undergone  the  catalytic  changes  incident  to  digestion^ 


'  Eom^  and  TiBDmL,  op.  d/,,  tome  iiL,  p,  a6U, 
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are  absorbed  and  transformed  into  albnmen.  As  albumen 
exists  in  the  lymph  and  cbyle,  it  is  probable  that  in  these 
fluids  fibrin  is  produced  in  the  same  way  as  in  the  blood. 

A  very  important  office  of  fibrin  is  to  give  coagnla- 
bilitj  to  the  blood.  This  will  be  taken  up  more  fuUy  here- 
after. At  present  we  need  only  say  that  by  virtue  of  this 
property  spontaneous  arrest  of  hemorrhage  after  division  or 
rupture  of  small  vessels  is  effected.  In  its  natural  liquid 
condition,  in  intimate  union  with  albumen  and  certain  inor- 
ganic matters  which  cannot  be  separated  from  it  without 
incineration,  fibrin  constitutes  one  of  the  two  peculiar  organic 
principles  of  the  plasma  of  the  blood.  It  is  brought  in  con- 
tact with  the  tissues  in  the  capillary  vessels,  and  probably 
takes  part  in  the  catalytic  changes  which  constitute  nutrition, 
being  transformed  into  the  peculiar  organic  element  of  each 
part.  In  this  way  it  disappears  forever  as  fibrin,  and  is  only 
discharged  from  the  body  after  the  tissue  has  undergone  the 
transformations  which  result  in  excrementitious  products. 

Simon,  Lebmann,  Bernard,  and  others  have  noticed  the 
remarkable  fact  that  the  blood  of  the  hepatic  and  renal  veins 
generally  contains  no  fibrin.  The  liver  and  kidneys  seem  to 
have  the  power  of  destroying  this  principle.  Its  transfor- 
mations in  these  organs  we  have  not  been  able  to  follow. 

Albumen. 

Albumen  is  found  in  the  blood,  lymph,  chyle,  intermus- 
cular fluid,  secretions  of  serous  membranes,  and  in  small 
quantity  in  the  milk.     It  is  most  abundant  in  the  blood, 
constituting  the  most  important  organic  constituent  of  the 
plasma.    Its  proportion  has  been  estimated  in  the  various 
Mtuations  in  which  it  is  found,  but,  as  in  the  case  of  fibrin, 
this  has  been  done  after  complete  desiccation,  and  the  results 
thus  obtained  are  far  from  representing  the  real  quantities. 
In  some  analyilB  designed  to  give  the  quantity  of  moist  albu- 
men in  the  blood,  we  have  found  a  proportion  in  a  healthy 
specimen  of  329-82  parts  per  1000.    The  proportion  will 
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undoubtedly  be  found  to  vary  considerably  within  the  limits 
of  licalth,  and,  as  a  rule,  it  bears  an  inverse  ratio  to  the  quan- 
tity of  fibrin.  No  constant  difference  in  the  quantity  of 
albumen  in  the  sexes  has  been  established.  The  quantity  is 
((roator  in  the  well-nourished  and  vigorous,  than  in  anemic 
and  feeble  subjects. 

Albumen  is  found  in  the  organism  at  all  periods  of  life, 
existing  oven  in  the  ovum. 

In  ultimate  composition  albumen  has  been  found  by 
chomist*  to  differ  very  little,  if  at  all,  from  fibrin.  Like  the 
other  i)rinciples  of  this  class,  the  proportions  of  its  ultimate 
olomimts  are  indefinite. 

Albumen  may  be  extracted  from  the  fluids  in  which  it  is 
oontttincil  by  simple  coagulation.  The  most  convenient 
niothiKl  of  separating  it  is  to  add  to  the  liquid  a  quantity  of 
al>i^olute  alcohol,  and  immediately  filter.  In  operating  upon 
the  porum,  we  have  found  that  about  twice  its  volume  of 
aUH)hol  will  coagulate  all  the  albumen.  It  may  then  be 
wlUvtinl  on  a  filter,  and  its  weight  will  represent  Uie  propor- 
tion of  this  principle  in  its  natural  condition. 

l.iko  tibrin,  albumen  is  naturally  fluid,  and  in  this  con- 
dition— and  this  ivndition  only — forms  the  important  organic 
principle  of  the  fluids  in  which  it  is  contained. 

/^nyvvyicv  <jr*  Albmni^H^ — Liquid  albumen  has  certain 
pr\^ivrtii>s  which  $or%*e  to  distinguish  it  firom  other  principles 
\^f  tiio  SAmo  o1a5%^  In  a  neutral  mixture  it  is  coagulated  com- 
pWlx^lv  bv  a  t^nuix^ratuiv  of  lOT^  Fahr.  The  same  result  fol- 
U^w-s  tho  ^ddJtixvaof  tho  siy\>ng  mii^ewd  acids.  alcchoL  and  some 
\>f  tho  UH^t^iUv  ?^ts<  It  is  d^Jtinguisfced  firom  caseine  by 
tho  f^o;  th^^t  it  5s  not  cvviguUtitxl  by  tbe  TegetaMe  acid& 
l\vwr^x;,^:<v,  Albx;nien  isa  g^iyish-whitesiil^tance,  always  com- 
Vv,u\l  w^,th  ::vr^r,v  r4*,:i^tUMr^  which  «ta:&o<  N^  separated  with- 
\^;5  ^,^v^^^*^:  vi\  :r A\iu^>ic  i:x  watw^  V«i  sootbif  in  a  weak  solI^ 
t^s^^  vN!'  A  v'^;5>:v  Ali:*^\  H  a::^  alka::r^  soOEik«  it  ^nokmger 
xNVMr^UK"*r  bv  >?etfct.     lVv\::;jecvC  bas  isftad  tisat  albcmen  has 
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the  property  of  deviating  the  plane  of  polarization  to  the 
left.  He  has  employed  a  polarizing  apparatus  like  the  one 
used  hy  Biot  in  the  examination  for  sugar,  for  the  purpose 
of  estimating  the  quantity  of  albumen  in  a  watery  mixture, 
and  found  that  "  each  minute  of  deviation  corresponds  to 
18  decigrammes  (29*77  grains)  of  dried  albumen  in  1,000 
cubic  centimetres  (1'76  pints)  of  water."  *  This  instrument  he 
calls  an  albuminimeter.  A  current  of  galvanism  passed 
through  a  mixture  containing  albumen  produces  coagulation, 
vhich  has  been  attributed  to  a  decomposition  of  certain  salts 
which  are  combined  with  it  and  maintain  its  fluidity. 

Some  organic  principles  almost  identical  with  albumen 
in  chemical  reactions,  are  found  to  possess  very  different 
vital  properties.  One  of  these  is  the  organic  principle  of 
the  gastric  juice,  which,  like  albumen,  is  coagulable  by 
heat,  alcohol,  and  the  metallic  salts,  but  exerts  a  peculiar 
and  distinctive  action  in  the  digestion  of  certain  articles  of 
food. 

Tests  for  AOywrnen. — ^As  a  pathological  condition,  albu- 
men sometimes  exists  in  the  urine,  and  it  becomes  important 
clinically  to  be  able  to  determine  this  fact  by  the  application 
of  tests.  These  require  certain  precautions  for  their  suc- 
cessful application.  They  depend  upon  its  property  of 
coagulation. 

If  a  solution  containing  albumen  be  exposed  to  heat 
in  a  test  tube,  as  the  temperature  rises  a  slight  cloudiness 
or  opacity  in  the  upper  part  of  the  liquid  occurs,  which 
gradually  extends  through  the  whole  mass,  until,  at  a 
temperature  of  about  167°,  a  precipitate  more  or  less  abun- 
dant is  produced,  which  is  entirely  insoluble.  If  albumen  be 
very  abundant,  the  whole  mass  may  become  solidified,  and 
we  may  have  all  shades  between  this  and  the  slight  opacity 
produced  by  a  very  minute  quantity.     In  the  latter  case 

'  BxcQUEREL  and  Rodier,     TraiU  de  Chimie  Patholoffique^    Paris,  1854,  p.  58. 
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coagulation  is  not  conii:>lete  nntil  the  liquid  has  been 
to  the  lx>iling  point.     It  must  be  rememl>ered,  however,  that 
albumen  Is  not  coagulated  by  beat  in  an  alkaline  sohition. 
In  tegting  tlic  urino  for  albumen  bj  heat,  if  the  liquid  be 
alkaline  it  mu^t  be  neutralised  with  a  little  acetic  acid ;  other- 
wiie  there  wi]\  be  no  c^oagulationj  even  if  albumen  be  present 
in  abundance.     There  inaj  also  ariee  a  source  of  error  from 
the  precipitation  by  heat  of  an  excess  of  earthy  phosphates. 
This  precipitate  ib  distingniahed  fi-om  albumen  by  the  fact 
that  it  i^  dissolved  l>y  a  few  drops  of  hydrochloric  aeidj  while 
coagidatetl  albumen  is  not  changed.    Coagulated  allnimen^ 
in  urine  is  rediaeolved  by  the  addition  of  a  little  pota 
which   has  no  eflcct  upon  an  opacity  produced    by 
phosphates. 

Another  test  is  the  addition  to  the  euapected  Bolution  of 
a  strong  mineral  acid;  when,  if  allmnien  be  present^  coagu- 
lation will  take  place.  Thei*e  is  only  one  source  of  error  k 
the  application  of  this  test  to  the  urine*  If  the  urates 
present  in  vei^y  hirge  quantity,  we  may  have  a  deposit 
uric  acid,  giving  an  opacity  something  like  that  produced 
by  coagulated  albumen*  This  error  may  be  avoided  by 
adding  an  excess  of  nitric  acid,  which  will  clear  up  the  mix- 
ture ii'  the  deposit  be  due  to  the  presence  of  ui'ates,  hut  has 
no  effect  upon  albumen.  In  such  a  case,  also,  no  turbidity 
is  produced  by  heat.  When  uric  acid  is  depositeilj  the 
turbidity  makes  its  ap^)€anmce  more  slowly  than  when  albu-  ^, 
men  is  present.  Various  acid  mixtni-es  have  been  propose^H 
m  tests  for  albumen,  but  they  seem  to  i>oBse6S  no  advan- 
tages over  nitric  acid,  which  is  the  one  most  generally  ei 
ployed. 

The  testfi  by  heat  and  nitric  mid  are  f^ufBcient  to  detei 
mine  the  presence  or  absence  of   albumen  in  any  clen 
fluid,  if  applied  witii  the  pi'ecantions  al>ove  indicated.     We 
may  employ,  however,  coagulation  by  alcohol,  or  the  albu- 
minimeter  of  Becquerel;  but  the  latter,  like  the  saccharom- 
eter  of  Biot  and  Soleil^  is  little  used  on  acijouut  of  the 
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expense  of  the  instrament,  and  a  certain  dexterity  which  is 
necessary  for  its  exact  application. 

Origin  and  Function  of  Alhvmen. — The  albumen  of  the 
blood  has  its  origin  from  a  catalytic  transformation  of  the 
products  of  digestion  of  the  albuminoid  elements  of  food. 
It  forms  the  great  organic  nutrient  element  of  the  blood.    As 
we  have  already  seen,  it  seems  to  be  used  in  the  formation 
of  the  fibrin.    In  nutrition,  it  undergoes  catalytic  transfor- 
mations which  result  in  the  peculiar  organic  principles  of  the 
varions  tissues.    In  the  circulating  blood  there  seems  to  be 
a  union  of  the  fibrin  and  albumen  which  is  necessary  to  the 
nutritive  properties  of  the  latter.    Bernard  has  shown*  that 
the  albumen  of  white  of  egg  injected  into  the  veins  of  an 
animal  is  incapable  of  assimilation,  and  is  therefore  rejected 
by  the  kidneys.     The  same  result  follows  the  injection  of 
fresh  serum,  even  from  an  animal  of  the  same  species ;  but 
the  blood  itself,  containing  both  albumen  and  fibrin,  can  be 
injected  without  the  appearance  of  albumen  in  the  urine,  show- 
ing that  in  this  state  it  is  capable  of  being  used  in  nutrition. 
In  the  passage  of  the  blood  through  the  liver,  it  has  been 
found  that  a  small  quantity  of  albumen  disappears ;  but,  as 
in  the  case  of  fibrin,  we  have  not  been  able  to  follow  its 
transformations.    With  the  exception  of  the  minute  quantity 
which  is  discharged  in  the  milk  during  lactation,  albimien  is 
never  discharged  from  the  body  in  health.    After  being 
appropriated  by  the  tissues  in  the  process  of  nutrition,  it 
undergoes  changes  in  the  wearing  out  of  the  system,  which 
convert  it  into  excrementitious  matter. 

Albuminose. 

This  principle  is  intermediate  between  the  organic  nitro- 
genized  elements  of  food  and  the  albumen  of  the  blood.  It 
is  found  in  the  blood  in  very  small  quantity  after  digestion, 

*  BKE5ARD,  Leparu  sur  les  Fropriitet  Phyniologiquet  et  Us  AlUnxHom  Pa- 
t^oioffiqua  den  Idquides  de  VOrganwne^    Paris,  1869,  tome  I,  p.  467. 
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almost  fmmedjately  imdefgoing  transformation  into  albn« 
nieii.  It  h  ako  contained  in  tlie  stoinacL  and  email  intestines 
during  digestion.  It  is  natnrally  fluid,  like  albumen  and 
fibrin* 

111  its  behavior  to  reagent^^j  albuminose  presents  certain! 
dtfferencea  from  albumen.    It  is  coagulated  by  alcohol  axidj 
many  metallic  salts,  bnt  is  not  coagulable  by  beat,  and  only  I 
imperfectly  by  nitric  acid.    It  is  coagulated  by  a  small  quati- j 
tity  of  acetic  acid,  but  the  coagulnm  is  dissolved  in  an  excesdl 
of  this  agent ^  the  hitter  peculiarity  distinguishing  it  from] 
caseinCj  which  is  coagulated  by  acetic  acid  in  any  quantity. 
Mialhc  states  that  albuminose  is  more  endosmotie,  or  passes 
tlirongb  membranes  with  much  greater  facility  than  albumen, 
which  he  says  h  absolutely  n  on -endosmotie.     Thia  property 
feTors  its  introduction  into  the  blood. 

Albuminose  has  its  origin  from  the  organic  nitrogenized 
elements  of  foodj  which  are  not  only  liquefied  by  the  digest 
tiva  fluids,  but  undergo  a  catalytic  transformation  into  tliis 
eubstance.  By  virtue  of  its  endosmotie  properties,  it  passes 
into  the  blood-vessels,  and  is  there  converted  into  albumen,  j 
Mialhe,  wlio  first  described  this  substance  under  the  name 
of  albumiuo&Cj  has  shown  that,  injected  into  the  veins  of 
animal,  it  becomes  assimilated,  and  does  not  pass  away  ii 
the  urine^' 

Caseine, 

This  organic  principle  is  peculiar  to  the  milk,  and  theroil 
fore  exists  in  the  body  only  during  lactation.     Like  fibrin 
and  albumen,  it  is  naturally  fluid, 

Caaeine  may  be  easily  extracted  by  the  following  proeefis, 
which  is  recommended  by  Robin  and  YerdeiL*  ^'  We  add 
to  the  milk  a  few  drops  of  acetic  acid,  which  precipitates  the 
caseinc  accompanied  by  the  fats.     The  coagnlum  separate 


'  MilLHE,     Chimis  Appiiquk  d  h  Phyti^lo^t,    Purls,  ISSft^  p,  12Cl 
^  Op.  of.,  tome  iii*,  p.  34L 
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from  the  liquid,  then  washed,  is  redissolved  in  a  solution  of 
carbonate  of  soda ;  this  solution  separates  from  the  fat  which 
floats  on  the  top,  and  can  be  completely  removed  at  the  end 
of  twelve  hours  of  repose.  The  liquid  thus  freed  from  fat  is 
acidified  by  a  few  drops  of  hydrochloric  acid,  and  the  caseine 
is  precipitated  perfectly  pure."  Obtained  by  this  process,  it 
is  perfectly  white,  and  insoluble  in  water,  resembling  pot 
cheese. 

Caseine  has  certain  marked  properties  by  which  it  is  dis- 
tinguished from  albumen.  It  is  not  coagulable  by  heat; 
is  coagulable  by  the  feeble  vegetable,  as  well  as  the  mineral 
acids,  and  by  rennet.  This  latter  substance  is  obtained  from 
the  fourth  stomach,  or  abomasus,  of  mucking  ruminating  ani- 
mals, and  is  the  milk  almost  reduced  to  caseine,  and  mixed 
\rith  the  gastric  fluids.  It  is  salted  and  dried,  and  in  this  con- 
dition used  in  making  cheese.  Added  to  the  milk  in  the  pro- 
portion of  fifteen  to  twenty  grains  to  a  quart,  it  produces  com- 
plete coagulation.  According  to  Eobin  and  Yerdeil,  caseine 
is  precipitated  by  the  metallic  salts,  with  which  it  forms  com- 
binations not  to  be  distinguished  from  like  combinations  of 
albumen.*  It  is  a  curious  fact  that  caseine  is  sometimes 
coagulated  almost  instantly  during  thunder  storms.  This 
phenomenon  we  cannot  fully  explain ;  but  the  immediate 
cause  of  the  coagulation  is  the  transformation  of  some  of  the 
sugar  of  milk  into  lactic  acid.  Caseine  retains  its  fluidity 
in  the  milk  by  um'on  with  the  carbonate  of  soda ;  and  when 
coagulated  spontaneously,  it  may  be  restored  to  its  liquid 
condition  by  the  addition  of  this  salt,  which  does  not  render 
the  fluid  alkaline,  but  seems  to  enter  into  combination  with 
the  organic  substance. 

Caseine  has  its  origin  in  the  albumen  of  the  blood,  by  a 
cataljiic  process  which  takes  place  in  the  mammary  glands. 
In  its  liquid  condition  it  constitutes  the  important  organic 
element  of  the  milk.    It  is  taken  into  the  stomach  of  the 

*  Loe,  cit. 
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infant.,  converted  into  albuininosc,  whicli  it  resetiibles  very 
closely^  and  absorbed  by  the  bloody  where  it  i^  conrerted  into^J 
fibrin  and  albumen,  and  contributes  to  tlie  nutrition  of  tha^P 
flystem.     At  this  period  it  eonstitutei  olraost  the  only  nitro-^ 
genized  element  of  food.     It  is  the  only  |>roximate  principle 
of  tilts  clasSj  with  the  exception  of  a  littlo  nmco&ino  and  the 
coloring  matter  of  the  urine  and  bile,  which  is  discharged 
from  the  body  in  health. 


Panoi^eal'me, 


jatTc" 


Thia  is  the  organic  principle  peculiar  to  the  pancreatic 
juice,  Bernard  was  the  first  to  describe  its  properties,  l»oth 
chemical  and  physiologicaL*  Before  the  appearance  of  his 
admirable  monogragh  on  the  pancreas  it  was  confounded  with 
albumen ;  but  we  shall  see  tliat  it  possesses  properties  by 
which  it  may  l>e  distinguished  as  readily  as  caaeine. 

Pancreatine  exists  in  the  pancreatic  juice  in  lai^e  quan 
tity*  It  is  naturally  fluid,  but  y^rj  viscid.  It  is  cojigulated 
by  heat,  the  strong  acids,  and  alcohol,  but  is  nuafiected  I 
the  feeble  vegetable  acids.  It  is  distinguished  from  alhomea 
by  the  fact  that  it  is  completely  coagulated  hy  an  excess  of 
eidphate  of  magnesia.  Its  distinctive  physiological  character 
is  its  powerftil  digestive  action  upon  certain  elenienta  of  food, 
and  its  property  of  forming  an  instantaneous,  complete,  and 
very  tine  emukion  with  liquid  fats. 

Pancreatine  has  its  oiigin  from  the  albumen  of  the  blood 
by  a  catalytic  ehauge  wiiich  takes  place  in  the  pancreas.  It 
gives  to  the  pancreatic  juice  its  digestive  proi>erties. 

Pepsin  19  the  organic  principle  of  the  gastric  juice.  It 
is  hardly  to  be  distinguished  from  albumen,  except  liy  it6  phya- 
iological  action  in  digeBtion^  The  prtnciple  which  has  been 
extracted  by  various  processes  from  the  mucouB  membrans 


ed       I 
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of  the  stomach,  particalarly  after  commencing  putrefaction, 
cannot  be  regarded  bs  pure  pepsin.  It  is  undoubtedly  necee- 
saiy  to  the  digestive  action  of  the  gastric  juice,  which  loses 
its  physiological  properties  when  this  substance  has  been 
coagulated  by  heat  and  separated  by  filtration.  Its  properties 
will  be  more  fully  considered  under  the  head  of  digestion. 

Mucosine. 

This  is  the  organic  principle  of  the  general  secretion 
of  mucous   membranes,  presenting,  however,  some   differ- 
ences in  different  situations.     In   its  general  properties  it 
closely  resembles  albumen ;  indeed,  what  is  generally  taken 
as  the  type  of  pure  albumen,  the  white  of  egg,  should  strictly 
be  called  mucosine,  as  it  is  the  secretion  of  the  mucous  mem- 
braDe  of  the  Fallopian  tubes,  and  almost  identical  with  some 
specimens  of  pure  mucus,  such  as  the  secretion  at  the  neck 
of  the  uterus  during  gestation.    It  is  coagulated  by  heat, 
strong  acids,  and  the  metallic  salts.    It  is  formed  from  the 
blood  by  the  mucous  follicles ;  and,  as  a  small  quantity  of 
mucus  is  discharged  from  the  body,  forms  one  exception  to 
the  general  law  that  organic  nitrogenized  principles   are 
never  discharged  from  the  body  in  health. 

Semirsclid  or  Solid  Principles, 

Most  of  the  liquid  elements  which  we  have  just  considered 
have  been  found  to  be  connected,  directly  or  indirectly,  with 
the  nutrition  of  the  body.  Those  which  we  now  have  to 
consider  are  all  directly  formed  from  the  organic  principles 
of  the  blood,  and  constitute  the  organic  portion  of  the  econ- 
omy. Here  is  found  to  be  the  final  destination  of  fibrin  and  al- 
bumen in  nutrition ;  for  the  organic  principles  constitute  the 
vital  elements  of  aU  the  tissues,  and  are  nourished  exclusively 
by  these  elements  of  the  blood.  We  include  here  the  blood 
corpuscles,  which  must  be  regarded  as  organized  bodies, 
nourished  like  any  of  the  tissues.     The  following  are  the  prin- 
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ciples  in  this  group  which  are  well  established,  and  have  been 
studied  to  a  greater  or  less  extent : 

Gldbvline^ 

GrystaU'ine^ 

Muscvline^ 

Osteine^ 

CartUagmej 

Elasticine^ 

Keraiine. 

Globvline, — This  is  a  semi-solid  organic  principle,  con- 
stituting  the  greater  portion  of  the  blood  corpnscles.  It  is 
soluble  in  water,  from  which  it  is  coagulated  by  a  tempera- 
ture a  little  below  the  boiling  point.  Excepting  that  when 
mixed  with  water  it  requires  a  much  higher  temperature 
for  its  coagulation,  it  has  nearly  the  same  properties  as 
albumen. 

Like  the  rest  of  these  principles,  it  exists  in  a  state  of 
intimate  molecular  union  with  inorganic  elements;  but, 
exceptionally  in  this  case,  is  united  with  a  small  quantity  of 
fat.  In  this  condition  it  goes  to  form  the  organized  stinicture 
of  the  blood  corpuscles. 

CinjstaUine, — This  is  a  semi-solid  organic  principle, 
peculiar  to  the  crystalline  lens.  It  presents  most  of  the 
characters  of  globuline,  but  is  coagulated  at  a  little  lower 
temperature,  though  higher  than  is  required  to  coagulate 
albumen. 

MusGuUne, — This  semi-solid  organic  principle  is  peculiar 
to  the  muscular  tissue.  It  is  immediately  dissolved  at  the 
ordinary  temperature  by  a  mixture  of  ten  parts  of  water  with 
one  of  hydrochloric  acid.  It  may  be  precipitated  from  this 
solution  by  neutralizing  the  acid,  and  the  precipitate  is  re- 
dissolved  by  an  alkali.     It  is  always  united  with  a  consider- 
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able  quantity  of  inorganic  salts,  in  which  the  phosphates 
predominate. 

Mnseuline,  in  combination  with  inorganic  substances, 
goes  to  form  the  muscles ;  but  in  addition,  is  interesting  as 
being  by  far  the  most  important  and  abundant  nitrogenized 
element  of  food.  It  is  the  great  source  of  the  fibrin  and 
albumen  of  the  blood  of  man  and  of  the  carnivorous  animals. 

Osieine. — This  organic  principle,  naturally  solid,  is  pecu- 
liar to  the  bones.    If  the  earthy  matter  of  bone  be  dissolved 
out  with  dilute  hydrochloric  acid,  the  residue  is  nearly  pure 
oeteine.    By  boiling  with  water  it  is  transformed  into  gelatine^ 
a  soluble  substance  differing  in  many  respects  from  osteine. 
According   to  the  experiments  of   Majendie,  fresh   bones 
possess  considerable  nutritive  power,  which  is  entirely  de- 
stroyed by  prolonged  boiling.     It  enters  into  combination 
with  large  quantities  of  earthy  salts,  to  form  the  bones. 

CartUoffine. — ^This  principle  holds  the  same  relation  to 
cartilage  as  osteine  does  to  bone.  By  prolonged  boiling  it 
is  transformed  into  a  substance  resembling  gelatine,  called 
by  Miiller  chandT^ne.  This  presents  many  points  of  difference 
from  gelatine,  which  renders  it  probable  that  the  transfor- 
mation of  cartilage  into  bone,  does  not  merely  consist  in  the 
deposition  of  calcareous  matter,  but  also  the  substitution  of  a 
new  organic  principle. 

JElagtieme. — ^This  is  the  organic  principle  of  the  yellow 
clastic  tissue  and  the  investing  membrane  of  the  muscular 
fibres.  According  to  Eobin  and  Yerdeil  it  is  slowly  dissolved 
by  sulphuric,  nitric,  and  hydrochloric  acids,  and  these  solu- 
tions, diluted  with  water,  are  not  precipitated  by  alkalis.  It 
is  possessed  of  great  strength  and  elasticity. 

Keratine. — This  is  an  organic  principle,  foxmd  in  the  nails 
and  hair,  about  which  we  know  very  little.    It  differs  from 
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the  otter  pnneiples  in  the  fact  tliat  it  is  not  dissolved,  but 
deoomposed  by  potasli^  giving  oflF  ammoniacal  vapor. 


Cdming  Matters. 

These  enbitances  Lave  been  elassed  witli  the  orgamc  j 

nitro|^eDized  principles,  from  the  fact  that  they  contain  ni- 
trogen ;  Init  they  do  not  seeru  to  be  endowed  with  the  vital 
properties  which  chamcterize  thia  class,  with  the  exception 
perliaps  of  hematine  and  melanine.  As  a  peenliarity  of 
cheinical  constitution,  thej  all  contain  tronj  which  i^  moleo- 1 
nlarly  united  with  their  other  elements.  The  following 
the  principles  of  this  group : 

ITem<dine^ 

Urrometne. 

ITenmtme, — Tliis  is  the  red  coloring  matter  of  the  bloody 
and  exists,  intimately  united  with  globuliiie,  in  the  blood 
corpuscleSp  Tlie  iron  which  it  contains  can  l>o  readily  dem- 
onstrated, even  in  a  single  drop  of  blood,  by  the  following] 
process :  To  a  small  quantity  of  blood  iu  a  watch-gla^s  we 
add  a  drop  of  nitric  acid,  then  evaporate  slowly  over  a  lamp, 
when  fumes  of  nitrous  acid  are  driven  oflF,  the  iron  takes 
oxygen  and  ii  cxjuverted  into  a  pernijxide.  If  we  then  add  ^j 
drop  of  the  sulpho-cjanide  of  potassium »  we  produce  the 
characteristio  red  color  of  the  sulpho-cyanide  of  iron,  Se 
arated  from  the  blood,  hematine  is  solnble  in  ether  and  boil- 
ing alcohol,  but  iuBohiblc  in  water  and  in  acids. 

We  do  not  exactly  understand  the  mode  of  formation  oti 
henmtinej  but  pathology  teaches  us  that  it  is  an  essential 
principle  of  the  blood.  In  certain  cases  of  anemia,  when 
there  is  extreme  ]>allor  and  consecjuently  deficiency  of  hema- 
tine, the  administration  of  iron  in  any  form  induces  the  for- 
mation of  this  Buhstance,  r^tores  the  normal  constitution  of 
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the  circukting  fluid,  and  relieves  the  general  effects  of  the 
deficiency  of  coloring  matter;  an  effect  which  cannot  be 
produced  by  the  most  nutritious  articles  of  food.  Hematine 
ia  probably  destroyed  in  the  organism,  and  furnishes  material 
for  the  formation  of  the  other  coloring  matters. 

Mdanine. — ^This  substance  resembles  hematine,  contain- 
ing, however,  a  smaller  proportion  of  iron.  It  is  of  a  brown- 
ish color,  and  is  found  in  all  parts  of  the  body  where  pigment 
exists;  such  as  the  choroid,  iris,  hair,  or  epidermis.  It  exists 
in  the  form  of  granulations,  either  free  or  enclosed  in  epithe- 
lial cells.  In  all  probability  it  is  formed  by  a  transformation 
of'hematine. 

Biliverdine. — This  is  a  greenish-yellow  coloring  matter 
pecniiar  to  the  bile.  Extracted  from  the  bile,  it  is  insoluble 
in  water,  but  soluble  in  alcohol  or  ether.  It  contains  iron  in 
nearly  the  same  proportion  as  hematine. 

Biliverdine  is  formed  from  hematine,  enters  into  the  con- 
stitution of  the  bile,  is  discharged  into  the  small  intestine, 
and,  after  undergoing  certain  modifications,  is  discharged 
from  the  body  in  the  feces. 

Urroaacine. — This  is  the  principle  which  gives  the  amber 
color  to  the  urine.  After  extraction,  it  is  insoluble  in  water, 
but  soluble  in  alcohol  or  ether.  It  exists  in  the  urine  in  very 
small  quantity,  and  is  formed  in  the  kidney,  in  all  probability 
at  the  expense  of  the  hematine.  Urrosacine  and  biliverdine 
are  the  two  coloring  matters  discharged  from  the  body. 

Summary. — ^A  review  of  the  individual  properties  of  the 
organic  nitrogenized  principles  shows  great  differences  in  their 
physiological,  and  very  slight  differences  in  their  purely 
chemical  characters.  It  is  a  fact  too  apparent  to  require 
argument,  that  their  chemical  history  is  of  little  importance 
compared  to  a  study  of  their  vital  properties.  In  fact  re- 
searches into  their  ultimate  composition,  with  the  excep- 
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tion  tliat  tliej  bave  bLowii  ttem  aU  to  contain  nitrogen,  am 
almost  without  value.  Without  eKecption  they  arc  all  in  a 
state  of  intimate  molecular  union  with  inorganie  matter,  and 
in  this  uuioD  inorganic  compounds  become  endowed  with 
life ;  that  iti,  the  inorganic  jmrt^  of  the  body,  as  the  calcareous 
elements  of  bone,  taken  up  by  the  blood  witli  the  wom-oul 
organic  principlcj^  and  undergoing  constant  waste,  are  cap 
ble  of  eelf-regeneration* 

T7i€  vitalii^  thus  imjmrt^d^  (^  inorgcmie  maUersy  anil  t 
fact  that  neiUier  ths  arganic  nor  inorganie  elements  are  alom 
mtpaUe  of  cjigaging  in  the  piienomena  of  life^  cannoi  he  toa 
fuUy  insi^ed  upon.    Both  are  taken  into  the  body  as  food^ 
ai*e  digested,  assimilated,  and  finally  discharged,  always  in 
combination;  the  organic  principles  changed,  and  converted 
into  excrementitious  subatanecBj  ^md  the  inoi^gajiie  principl 
unchanged, 

Tlie  readiness  with  which  the  organic  principles  are  cou- 
verted  one  into  the  other  by  catalysis  must  also  be  appre- 
ciatedj  as  well  as  the  constant  operation  of  this  pn:>ce§e  in 
all  the  phenomena  of  life.  Even  albumen,  taken  in  as  food^ 
must  be  converted  into  albnminose,  and  again  into  albumen, 
before  it  is  capable  of  building  up  the  tissues;  and  tdl  the 
nitrogenized  articles  of  food  are  converted  into  the  same  sub*, 
stance,  regenerating  the  blood,  and  through  it  the  body* 

In  the  economy  we  find  two  great  divisions  of  organic 
elements:  one,  whicli  is  nutritive^  and  tlie  other,  whicli^J 
forms  the  great  part  of  the  tissues.  By  simple  contact,  tliel^f 
plastic,  or  nutritive,  principles  are  mysteriously  converted^ 
into  the  varieil  elements  of  the  organism, and  take  with  tbeiii^^y 
the  inorganic  elements  necessary  to  the  proper  con3titutioi]]^| 
of  tlie  |:*arts*  ^^ 

It  is  only  with  a  just  appreciation  of  these  general  pritici* 
pies  that  we  are  able  to  study  intelligently  the  special  fimctior 
of  respiratiLin,  circulation,  digeMton,  absorption,  secretion  auc 
excretion,  which  are  all  tributary  to  the  complicated  fimction' 
of  Butrition. 
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THE  BLOOD. 


General  consideratioiis— TranBfusion — Quantity — Physical  characters — Opadty — 
Tempentore — Specific  grayity — Color — ^Anatomical  elements,  of  the  blood — 
Bed  corpuscles — Chemical  characters  of  red  corpuscles — Development  of  red 
ooipusdes — Formation  of  red  corpuscles — Leucocytes,  or  white  corpuscles — 
Development  of  leucocytes. 

In  all  ages,  even  before  physiology  became  known  as  a  dis- 
tinct science,  the  importance  of  the  blood  in  the  animal 
economy  has  been  recognized ;  and  with  the  progress  of 
knowledge  this  great  nutritive  fluid  has  been  shown  to  be 
more  and  more  intimately  connected  with  the  phenomena  of 
life.  It  is  now  known  to  be  the  most  abundant  and  highly 
denized  of  the  animal  fluids;  providing  materials  for  the 
regeneration  of  all  parts,  without  exception,  receiving  the 
products  of  their  waste  and  conveying  them  to  proper  organs, 
by  which  they  are  removed  from  the  system.  These  processes, 
on  the  one  hand,  require  constant  regeneration  of  its  constit- 
uents, and  on  the  other,  constant  purification  by  the  removal 
of  effete  matters.  As  it  has  been  found  desirable  to  preface 
our  study  of  general  physiology  with  a  history  of  proximate 
principles,  showing  the  chemical  and  vital  properties  of 
what  maybe  considered  as  the  permanent  constituents  of  the 
body,  so  before  considering  individual  functions,  all  of  which 
bear  finally  on  the  great  process  of  nutrition,  we  should 
have  an  accurate  knowledge  of  the  anatomy  and  chemistry 
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of  what  is  most  appropriately  called  the  great  nutritire  fluid.       \ 
It  ii08  been  said  that  all  parts  are  dependent  on  the  blood  lor  M 
nourishment.     Those  tissues  in  which  the  prDCC&ses  of  nntri- 
tion  are  active  are  eupplied  with  1  ilood  by  vessek ;  but  some       i 
lefig  liighly  organized,  like  the  epidermis,  hair,  cartilage,  eta,  ^ 
which  are  sometimes  called  extra-Taseular  because  they  are 
not  penetrated  by  blood-vesselsj  are  none  the  less  dependent 
upon  the  fluid  under  consideration;  imbibingj  aa  they  do, 
nouri^ment  from  the  hhiod  of  adjacent  parts,  H 

It  must  Ije  reniembeTed  that  in  nutrition  the  tiasnea  " 
are  active,  selecting,  appropriating^  and  modifying  material 
which  is  siiuply  furnished  by  the  blood  ;  and  as  t!ie  real  vital 
force  which  governs  these  procesBes  resides  in  the  tistiueSj  ten-  ^ 
dencies  of  the  system,  such  as  the  tubercular,  scrofulous,  or  ^ 
cancerous  diatheses,  which  lead  to  disordered  nutrition,  must      ' 
liave  tlieu-  seat  in  the  solids^  and  not  in  the  circulating  fluid. 
The  first  cause  of  theae  conditions  may  lie  in  a  disordered 
state  of  the  blood,  from  bad  nourishment^  from  the  introduc- 
tion of  poiBons,  such  as  malaria,  or  the  emanations  from  per- 
sons affected  with  contagious  diseases,  and  under  some  cir- 
cumstances the  elimination  of  these  poisons  may  be  effected 
through  the  blood ;  but  when  they  exist  in  the  blood,  they 
either  become  fixed  in  the  system,  or  are  tlirown  olf*     We 
must  regard  most  of  the  morbid  actions  which  are  dependent 
on  diathe^^is,  as  the  result  of  a  vice  in  the  tissue  itself^  not  the^^ 
blood  wnth  which  it  is  supplied.     It  is  none  tbe  less  eesential^H 
to  health,  however,  that  the  blood  should  have  its  proper 
constitution. 

The  final  importance  of  the  blood  in  the  processes  of  I 
nutrition  ia  evident;  and  in  animals  in  which  nutrition  iaj 
active,  death  is  the  immediate  resnlt  of  its  alistraction  in  large 
quantity.  Its  immediate  importance  to  Ufe  can  l>e  heauti- 
fully  demonstrated  by  experiments  upon  inferior  animals. 
II"  we  take  a  small  dog,  introduce  a  canula  through  the  right 
jugular  vein  into  tlie  right  side  of  the  heart,  adapt  to  it  a 
Byringe,  and  suddenly  withdraw  a  great  part  of  the  blood 
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from  the  circulation,  immediate  suspension  of  all  the  vital 
processes  is  the  result.  If  we  then  return  the  blood  to  the 
system,  the  animal  is  as  suddenly  revived.*  To  perform  this 
experiment  satisfactorily,  we  must  accurately  adjust  the  ca- 
pacity of  the  syringe  to  the  size  of  the  animal.  Carefully 
performed,  it  is  very  striking. 

Transfusion. — Certain  causes,  one  of  which  is  diminution 
in  the  force  of  the  heart  after  copious  hemorrhage,  prevent  the 
escape  of  aU  the  blood  from  the  body,  even  after  division  of 
the  largest  arteries ;  but  after  the  arrest  of  the  vital  functions 
which  follows  copious  discharges  of  this  fluid,  life  may  be  re- 
stored by  the  injection  into  the  vessels  of  the  same  blood,  or 
the  fresh  blood  of  another  animal  of  the  same  species.     This 
observation,  which  was  first  made  on  the  inferior  animals, 
has  been  applied  to  the  human  subject ;  and  it  has  been  as- 
certained that  in  patients  sinking  under  hemorrhage,  the  in- 
troduction of  even  a  few  ounces  of  fresh  blood  will  restore 
the  vital  forces  for  a  time,  and  sometimes  permanently.    The 
operation  of  transfusion,  which  consists  in  the  introduction 
of  the  blood  of  one  individual  into  the  vessels  of  another, 
was  performed  upon  animals  in  the  middle  of  the  seven- 
teenth century,  and  was  soon  after  attempted  in  the  human 
subject.     So  great  was  the  enthusiasm  with  which  some  re- 
garded these  experiments,  that  it  was  even  thought  possible 
to  effect  a  renewal  of  youth  by  the  introduction  of  young 
blood  into  the  veins  of  old  persons ;  and  it  was  also  proposed 
to  cure  certain  diseases,  such  as  insanity,  by  an  actual  renewal 
of  the  circulating  fluid.    These  ideas  were  not  without  ap- 
parent foundation.     It  was  stated  in  1667,  that  a  dog,  old  and 
deaf,  had  his  hearing  improved  and  was  apparently  rejuve- 
nated by  transfusion  of  blood  from  a  young  animal.     A  year 
later  Denys  and  Emmerets  published  the  case  of  a  maniac 
who  was  restored  to  health  by  the  transfusion  of  eight  ounces 

^  BmiABD,    Lefom  tur  les  Liquides  de  VOrganUnie,    tome  i.,  p.  44. 
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of  blood  from  a  calf;  and  another  case  was  reported  of  a  man 
who  was  cm-ed  of  leprosy  by  the  same  means.  But  a  reac- 
tion followed.  The  case  of  insanity,  which  was  apparently 
cured,  suffered  a  relapse,  and  the  patient  died  during  a  sec- 
ond operation  of  transfusion.*  It  is  ahnost  unnecessary  to 
say  that  these  extravagant  expectations  were  not  realized. 
In  fact  some  operations  were  followed  by  such  disastrous  con- 
sequences, that  the  practice  was  forbidden  by  law  in  Paris  in 
1668,  and  soon  fell  into  disuse. 

Transfusion,  with  more  reasonable  applications,  was  re- 
vived in  the  early  part  of  this  century  (1818)*  by  Blundell, 
who,  with  others,  demonstrated  its  occasional  efficacy  in  des- 
perate hemorrhage,  and  in  the  last  stages  of  some  diseases, 
especially  cholera.  There  are  now  quite  a  number  of  cases  on 
record  whore  life  has  been  saved  by  this  means ;  and  often- 
times, when  the  result  has  not  been  so  happy,  the  fatal  event 
has  been  considerably  delayed.  In  a  case  which  occurred  at 
New  Orleans,  when  the  system  was  prostrated  by  an  obscure 
affection  and  life  became  nearly  extinct,  about  seven  ounces 
of  blood  in  all  were  transfused  in  three  operations,  within  two 
hours,  with  the  palpable  effect  of  prolonging  life  for  from 
twelve  to  sixteen  hours.'  Berard  had  collected  from  various 
sources  thirteen  observations  of  hemorrhage,  which  would  have 
biHMi  fatal,  in  which  life  was  permanently  restored  by  the 
injwtiou  of  a  few  ounces  of  healthy  human  blood.  In  all 
but  two  of  these  cases  the  hemorrhage  was  uterine.* 

*  Ukharis  Cxiurs  df  Phjfitioh>^^  tome  iii,  p.  209  et  teq. 

*  In  \X\U  c«.Hi>  the  i^tient  suffered  e:xtivmc  prostration  after  the  delivery  of  a 
Hovvu  aiui  a  half  numth:^'  chUd.  This  continued  for  a  few  days,  and  at  the  time 
of  tmiu4\t.Hiim,  ti\o  pul^o  wajf  UO  and  very  feeble ;  respirations  six  to  dght  per 
iulu\kto ;  uiv»trils  ixuupivintei)  at  each  inspiration ;  surface  cool ;  countenance  Hip- 
lHH'nitk\  and  tho  cvnua  sit  pi\>found  that  the  patient  could  not  be  aroused.  After 
«>ach  tmu»t\i!iiou  tho  U(v»  Invame  more  florid,  the  nostiib  dilated  in  inspiration, 
and  tho  j^nrtaw  Un^amo  warmer.  The  patient  lived  twenty-four  hours  after  the 
tirvt  ^H^fatKui.  Tho  bUxHl  wa;ji  taken  from  the  arm  of  a  healthy  male  and  trans- 
(\i<K>)  lu«u%HUatol>*  into  tho  m«>liAn  cephalic  vein. 

*  lUuuai\  o/i<  iY/.«  t\Hue  iil«  |v  :il9  «^  wy. 
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Since  this  time  a  great  many  experiments  on  transfusion 

in  animals  have  been  performed,  with  very  interesting  results. 

Provost  and  Dnmas  *  have  shown,  that  while  an  animal  may 

be  restored  after  hemorrhage  by  the  transfusion  of  defibrinated 

blood,  no  snch  effect  follows  the  introduction  of  the  serum ; 

showing  that  the  vivifying  influence  in  all  probability  resides 

in  the  corpuscles.     These  observers  have  also  shown,  that 

though  an  animal  may  be  temporarily  revived  by  the  injection 

of  defibrinated  blood  from  an  animal  of  a  different  species, 

death  follows  the  operation  in  a  few  days.*    Brown-Sequard 

has  shown  that  in  parts  detached  from  the  body,  after  nervous 

and  muscular  irritability  have  disappeared,  these  properties 

may  be  restored  for  a  time  by  the  injection  of  fresh  blood.* 

fle  also  reports  a  curious  experiment  in  which  blood  was 

passed  from  a  living  dog  into  the  carotid  of  a  dog  just  dead 

from  peritonitis.    The  animal  was  so  far  revived  as  to  sustain 

himself  on  his  feet,  wag  his  tail,  etc.,  and  died  a  second  timej 

twelve  and  a  half  hours  after.    In  this  experiment  insufflation 

was  employed  in  addition  to  the  transfusion.* 

It  may  then  be  considered  established,  that  in  animals, 
after  hemorrhage,  life  may  be  restored  by  injecting  the  blood, 
defibrinated  or  not,  of  an  animal  of  the  same  species,  pro- 
vided it  be  introduced  slowly,  without  admixture  with  air, 
and  not  in  too  great  quantity.  If,  however,  the  blood  of  an 
animal  of  a  different  species  be  used,  life  wiU  be  restored  but 
for  a  short  time.  Death  occurs  after  the  transfusion  of  blood 
in  this  instance,  only  when  the  animal  receiving  it  is  exsan- 
guine, and  the  blood  of  an  animal  of  a  different  species  is 
substituted.  If  the  animal  be  not  exsanguine,  a  little  blood 
can  be  superadded  to  the  mass  from  an  animal  of  different 
species  without  this  result,  as  is  shown  by  the  experiments 

*  BisARD,  op,  eii.y  tome  iii.,  p.  219. 

'  KiLMS-EowABDS,  Lcfom  mr  la  Phjftiologie  et  VAnaUnnie  ConiparU^  tome  L, 
p.  322  el  seq. 

*  Jwimal  de  la  Phynoloffie,  tome  I,  p.  106. 

*  lUd,,  p.  668. 
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already  alluded  to,  of  transfusion  of  the  blood  of  a  calf  into 
the  veins  of  a  man. 

In  the  human  subject,  especially  after  hemorrhage,  the 
vital  powers  are  sometimes  restored  by  careful  transfusion 
of  human  blood,  with  the  above  precautions;  remembering 
that  a  very  small  quantity,  three  or  four  ounces,  will  some- 
times be  sufficient. 

Qtianttti/  of  Blood. — The  determination  of  the  entire 
quantity  of  blood  contained  in  the  body  is  a  question  of  great 
interest,  and  has  long  engaged  the  attention  of  physiologists, 
without,  however,  absolutely  definite  results.  Among  those 
who  have  experimented  on  this  point,  may  be  mentioned 
AUen-Moulins,  Herbst,  Fried.  Hofl&nann,  Valentin,  Blake, 
Lehmann  and  Weber,  and  Vierordt.*  The  fact  that  the 
labors  of  these  eminent  observers  have  been  so  far  unsuccess- 
ful in  det'ermining  definitely  the  entire  quantity  of  blood, 
shows  the  difficulties  which  are  to  be  overcome  before  the 
question  can  be  entirely  settled.  The  chief  difficulty  lies  in 
the  fact  that  all  the  blood  is  not  discharged  from  the  body 
on  division  of  the  largest  vessels,  as  afler  decapitation ;  and 
no  perfectly  accurate  means  have  been  devised  for  estimating 
the  quantity  which  must  always  remain  in  the  vessels.  The 
estimates  of  experimenters  present  the  following  wide  diflTer- 
cnces.  Allen-Moulins,  who  was  one  of  the  first  to  study  this 
question,  estimates  the  quantity  of  blood  at  one-twentieth 
the  weight  of  the  entire  body.  The  estimate  of  Herbst  is  a 
little  higlier.  Hoffmann  estimates  the  quantity  at  one-fifth 
the  weight  of  the  body.  These  observers  estimated  the  quan- 
tity ixMuaining  in  the  system  after  opening  the  vessels,  by 
nioro  conjecture,  Valentin  was  the  first  who  attempted  to 
overcome  this  difficulty  by  experiment.     For  this  purpose 

*  Tho  winder  is  rt^fcmHl  to  the  works  of  Longet  {Pkysiologie^  Paris,  1861, 
tomo  I.,  p.  T05  tt  »fi^.)  (uid  Milnc-Edwanld  {Phyfiologie^  Paris,  1867,  tome  i,  p. 
808  ft  »<q\  ft>r  n  mon»  extondcil  account  of  the  \-arious  experiments  which  have 
Iwvn  mailo  with  »  viow  of  determining  the  entire  quantity  of  blood  in  the  body. 
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he  employed  the  following  process.  He  took  first  a  small 
quantity  of  blood  from  an  animal  for  purposes  of  comparison  ; 
then  injected  into  the  vessels  a  known  quantity  of  a  saline  solu- 
tion, and  taking  another  specimen  of  blood  some  time  after, 
he  ascertained  by  evaporation  the  proportion  of  water  which 
it  contained,  compared  with  the  proportion  in  the  first  speci- 
men. He  reasoned  that  the  excess  of  water  in  the  second 
specimen  over  the  first  would  give  the  proportion  of  the  water 
introduced,  to  the  whole  mass  of  blood ;  and  as  the  entire 
quantity  of  water  introduced  is  known,  the  entire  quantity 
of  blood  could  be  deduced  therefrom.  Suppose,  for  example, 
that  the  excess  of  water  in  the  second  specimen  should  be 
one  part  to  ten  of  the  blood,  it  would  show  that  one  part  of 
water  had  been  mixed  with  ten  of  the  blood ;  and  if  we 
had  injected  in  all  five  ounces  of  water,  we  would  have  the 
whole  quantity  of  blood  ten  times  that,  or  fifty  ounces. 

This  method  is  open  to  the  objection  that  it  is  impossi- 
ble to  take  note  of  the  processes  of  imbibition  and  exhalation 
which  are  constantly  in  operation.  Taking  it  for  what  it  is 
worth,  the  estimates,  applied  to  the  human  subject,  give  the 
weight  of  blood  as  -^  that  of  the  body. 

Blake  estimated  the  quantity  of  blood  by  an  analogous 
process,  injecting  a  known  quantity  of  sulphate  of  alumina 
into  the  vessels,  estimating  its  proportion  in  a  specimen  of 
blood,  and  from  that  deducing  the  entire  quantity.  He  gives 
tie  proportion  of  blood  in  dogs  as  from  one-ninth  to  one- 
third  the  weight  of  the  body.  The  objection  we  have  men- 
tioned applies  also  to  these  experiments. 

The  following  process,  which  is,  perhaps,  least  open  to 
sources  of  error,  was  employed  by  Lehmann  and  Weber,  and 
applied  directly  to  the  human  subject,  in  the  case  of  two 
decapitated  criminals.  .  These  observers  estimated  the  blood 
remaining  in  the  body  after  decapitation,  by  injecting  the 
vessels  with  water  until  it  came  through  nearly  colorless. 
It  was  careftilly  collected,  evaporated  to  dryness,  and  the  dry 
residue  assumed  to  represent  a  certain  quantity  of  blood ;  the 
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proportion  of  dry  residue  to  a  definite  quantity  of  blood 
having  been  previously  ascertained.  If  we  could  be  certain 
that  only  the  solid  matter  of  the  blood  was  thus  removed,  the 
estimate  would  be  tolerably  accurate.  As  it  is,  we  may  con- 
sider it  as  approximating  very  nearly  to  the  truth.  We  quote 
the  following  account  of  these  observations : 

"  My  friend,  Ed.  Weber,  determined,  with  my  coopera- 
tion, the  weights  of  two  criminals  both  before  and  after  their 
decapitation.  The  quantity  of  blood  which  escaped  from  the 
body  was  determined  in  the  following  manner :  Water  was 
injected  into  the  vessels  of  the  trunk  and  head,  until  the  fluid 
escaping  from  the  veins  had  only  a  pale  red  or  yellow  color ; 
the  quantity  of  the  blood  remaining  in  the  body  was  then 
calculated,  by  instituting  a  comparison  between  the  solid 
residue  of  this  pale-red  aqueous  fluid,  and  that  of  the  blood 
which  first  escaped.  By  way  of  illustration,  I  subjoin  the 
results  yielded  by  one  of  the  experiments.  The  living  body 
of  One  of  the  criminals  weighed  60,140  grammes  (132*7 
pounds),  and  the  same  body  aft«r  decapitation  54,600  gram- 
mes; consequently  5,540  grammes  of  blood  had  escaped. 
28*560  grammes  of  this  blood  yielded  5-36  grammes  of  solid 
residue ;  60*5  grammes  of  sanguineous  water  collected  after 
the  injection,  contained  3*724  grammes  of  solid  substances; 
6,050  grammes  of  the  sanguineous  water  that  returned  from 
the  veins  were  collected,  and  these  contained  37*24  grammes 
of  Si>Hd  residue,  which  corresponds  to  1,980  grammes  of 
bUx>d;  consdjuently,  the  body  contained  7,520  grammes 
(16*5l>  |x>unds),  5,540  escaping  in  the  act  of  decapitation,  and 
l,t>80  remaining  in  the  body ;  hence,  the  weight  of  the  whole 
bliHHi  was  to  that  of  the  body  nearly  in  the  ratio  of  1:8. 
The  other  oxix^riment  yieldeii  a  precisely  similar  result. 

**  It  cannot  Im?  assun^eii  that  such  experiments  as  these 
]Hvsse»5s  extreme  aivuraoy,  but  they  apj^ar  to  have  the  advan- 
tajro  of  giving  in  this  manner  the  minimum  of  the  blood  con- 
taiuoit  in  the  Kxiy  of  an  adult  man ;  for  although  some  solid 
riuWtanoeis  not  Ivlonging  to  the  bUxHi,  may  be  taken  up  by 
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the  water  from  the  parenchyma  of  the  organs  permeated  with 
capillarj  vessels,  the  excess  thus  obtained  is  so  completely 
ooanteracted  by  the  deficiency  caused  by  the  retention  of 
some  blood  in  the  capillaries,  and  in  part  by  transudation, 
that  our  estimate  of  the  quantity  of  blood  contained  in  the 
human  body  may  be  considered  as  slightly  below  the  actual 
quantity."  * 

In  extreme  obesity,  the  weight  of  the  blood  would  not 
bear  a  natural  ratio  to  that  of  the  body ;  but  from  the  data 
which  we  have  at  our  command,  we  may  state  the  proportion 
in  a  well-formed  man  to  be  about  1  to  8,  or  the  whole  quantity 
of  blood  at  from  16  to  20  pounds  avoirdupois.  The  quantity 
of  blood  undoubtedly  varies  in  the  same  individual  in  differ- 
«it  conditions  of  the  system ;  and  these  variations  are  fully 
as  important,  in  a  physiological  point  of  view,  as  the  entire 
quantity. 

Prolonged  abstinence  has  a  notable  effect  in  diminishing 
ihe  mass  of  blood,  as  indicated  by  the  small  quantity  which 
can  be  removed  from  the  body,  under  these  circumstances, 
with  impunity.  It  has  been  experimentally  demonstrated' 
that  the  entire  quantity  of  blood  is  considerably  increased 
during  digestion.  Bernard  drew  from  a  rabbit  weighing  about 
2i  lbs.,  during  digestion,  over  10^  ounces  of  blood  without 
producing  death ;  while  he  found  that  the  removal  of  half 
that  quantity  from  an  animal  of  the  same  size,  fasting,  was 
followed  by  death.  In  Burdach,'  we  find  a  case  reported  by 
Wrisberg,  of  a  female  criminal,  very  plethoric,  from  whom 
21  lbs.  7f  ounces  of  blood  flowed  after  decapitation.  As  the 
relations  of  the  quantity  of  blood  to  the  digestive  function 
are  so  important,  it  is  unfortunate  that  in  the  observations 
of  Lehmann  and  Weber,  the  conditions  of  the  system  in  this 

*  Lehxann,  Fhy9iolo^eal  Chemittry,  Philadelphia,  1856,  voLi.,  p.  638.  The 
weights  of  the  body  and  the  entire  quantity  of  blood  have  been  reduced  from 
gnznmes  to  pounds  avoirdupois. 

*  BsBXARD,     Idqttidea  de  VOrganisme,  tome  i.,  p.  419. 

*  Op.  eiLf  tome  vL,  p.  119. 
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respect  wei^  not  noted ;  a  circumstance  wliich  would  ha 
added  materially  to  their  vahie. 

It  k  thus  evident  that  the  quantity  of  blood  in  the  body 
is  considerably  increased  during  digestion  j  but  as  to  the 
extent  of  thk  increase^  vre  cannot  yet  form  any  definite  idea* 
It  is  only  gliown  that  there  ia  a  very  marked  difference  in 
the  effects  of  hemorrhage  in  animals,  during  digestion  and 
fasting* 

The  reaction  of  the  Idood,  ^vhicJi  has  been  determined 
after  the  globules  have  geparated  eo  tk^  to  allow  the  applica- 
tion  of  test  paper  to  tlie  clear  plasma,  has  been  found  to  he 
uniformly  alialine. 


J 


>nir^ 


Phjdcul  CJiaraders  of  the  Stood* 

OpmUy, — One  of  the  first  physical  characters  of  the  blood 
which  attract  our  attention  is  its  opacity.    This  depends 
upon  the  fact  tbat  it  is  not  a  homogeneous  fluid,  but  eon 
posed  of  two  distinct  elements :  a  clear  plasma,  and  corjma 
eles^  whidi  are  nearly  as  transparent,  but  which  have  a  dif- 
ferent refractive  power.     If  both  of  tlit^e  elements  had  the 
same  refractive  power,  tlie  mixture  would  present  no  obstacle 
to  the  passage  of  light ;  hut  as  it  is,  the  rays^  which  are  ben!|H 
or  refracted  in  pa^^ing  from  the  air  through  the  plasma,  are 
again  retracted  when  they  enter  the  corpuscles,  and  agaii^^ 
when  they  pass  from  the  corpuscles  to  the  plasma,  so  tba^H 
they  are  lost,  even  in  a  thin  layer  of  the  fluid.     This  loss  ot^^ 
light  in  a  niDchaniciil  mixture  of  two  transparent  litiiiids  of  ^ 
unequal  refractive  power  can  be  demonstrated  by  the  fol 
lowing  simple  experiment-    If  to  a  little  chloroform,  col- 
ored red,  clear  w*ater  be  added  in  a  t<^t-tnbc,  these  liqtdds 
remain  distinct  from  each  other,  and  are  both  transparent ; 
but  if  we  agitate  thcni  violently,  the  chlorolbnn  is  tempo- 
rarily subdii-ided  into  globules  and  mixed  with  the  water  j^ 
and  as  they  refract  hght  diflerentlyj  the  mixture  is  opaque.  IH 

Od&r. — The  blood  has  a  faint  but  characteristic  odor.  This 
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may  be  developed  more  strongly  by  the  addition  of  a  few 
drops  of  sulphuric  acid,  when  an  odor,  peculiar  to  the  animal 
whose  blood  we  are  examining,  becomes  very  distinct. 

Temperature. — The  temperature  of  the  blood  is  generally 
given  as  98®  to  100°  Fahr.,  but  recent  experiments  have 
shown  that  it  varies  considerably  in  diflferent  parts  of  the 
circulatory  system,  independently  of  exposure  to  the  refrig- 
erating influence  of  the  atmosphere.  By  the  use  of  very 
delicate  roistering  thermometers,  Bernard  has  succeeded  in 
establishing  the  following  facts  with  regard  to  the  temperature 
in  various  parts  of  the  circulatory  system  in  dogs  and  sheep : 

1.  The  blood  is  warmer  in  the  right  than  in  the  left  cav- 
ities of  the  heart. 

2.  It  is  warmer  in  the  arteries  than  in  the  veins,  with  a 
few  exceptions. 

3.  It  is  generally  warmer  in  the  portal  vein  than  in  the 
abdominal  aorta,  independently  of  the  digestive  act. 

4.  It  is  constantly  warmer  in  the  hepatic  than  in  the 
portal  veins. 

He  found  the  highest  temperature  in  the  blood  of  the 
hepatic  vein,  where  it  ranged  from  101°  to  107°.  In  the 
aorta  it  ranged  from  99°  to  105°. 

We  may  assume,  then,  in  general  terms,  that  the  tem- 
perature of  the  blood  in  the  deeper  vessels  is  from  100°  to 
lOr  Fahrenheit.* 

Specific  Gramty  of  the  Blood. — According  to  Becquerel 
and  Kodier,  who,  perhaps,  are  as  high  authority  as  any  on 
this  subject,  the  specific  gravity  of  defibrinated  blood  is  from 
1055  to  1063."  It  is  somewhat  less  in  the  female  than  in 
the  male. 

*  These  fiacta  were  taken  from  the  lectures  of  Bernard,  "  8ur  lea  Liquides  de 
''OrpwiMme,"  Paris,  1859,  in  two  volumes.  The  first  volume  is  devoted  to  the 
Wood,  and  the  subject  of  temperature  is  very  thoroughly  investigated. 

'  BiCQCKREL  and  Rodieb,     Traite  de  Chimie  Fathologigue^    Paris,  1864. 
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Cokyy  of  the  lilmfj. — ^Tlie  color  of  the  blood  is  due  to  tbd^ 
coi^uscles.     In  tlio  arterial  system  it  ib  imiformly  red*     lo 
tlie  veins  it  is  dark  blue  and  sometimes  almost  blftok.     This 
differencG  in  color  bet\vec*n  the  blood  in  the  arterial  and  in 
the  venous  tyatem,  waa  a  matter  of  eontrovei-sj  at  the  time 
of  Harvej,     Bj  the  diBcoverer  of  the  circulation,  the  differ- 
ence, which  \%  now  iiniTOreally  known  and  admitted!,  as  re- 
gardii  ino§t  of  the  veins,  wn5  suppc^sed  to  l>e  merely  accidental- 
and  dependent  on  external  causes.     Fifty  years  later^  Lowerj 
demonstrated  the  change  of  color  in  tlie  blood  m  it  pa 
tlirough  the  lungs,  and  associated  it  with  the  true  canse,  vh^ 
the  almorption  of  OKygen*     The  oolor  in  the  veinsj  howeverj 
is  not  C(»nstant.     Many  years  ago,  John  Hunter  observed^  in 
a  case  of  syncope,  that  the  blood  drawn  by  venesection  waa^ 
bright  red;'  and  more  recently  Bernard  )im  demonstrate^^B 
that  in  some  veins  tlie  blood  is  nearly,  if  not  quite,  as  reti  as 
In  the  arterial  system.     The  color  of  the  venons  blood  de- 
pends n]>on  the  condition  of  the  organ  or  part  from  which  it 
is  returncfh     The  red  color  was  firat  noticed  by  Beniard  in 
the  renal  veins,  where  it  contrasts  very  strongly  witli  the 
blaek  blood  in  the  vena  cava.     He  afterwards  observed  that 
the  redne^ss  only  existed  during  the  functional  activity  of  the 
kidneys ;  and  when,  from  any  cause,  the  secretion  of  urine^ 
\\m  arrested,  the  blood  became  dark,     lie  was  led  from  tbiJH 
observation  to  cxaniiue  the  venons  blood  from  other  glandi* ; 
and  directing  his  attention  to  those  which  he  was  able  to 
examine  during  their   functional  activity,  partienlarly  the 
salivai^  glands,  ibuiid  the  blood  red  in  the  veins  durina 
secretion,  but  becoming  dark  a^  soon  as  secretion  was  arrestedj 
These  oli^ervations  may  be  easily  veritied  by  opening  the 
abdomen  of  a  living  animal  «o  as  to  expose  the  enmlgent 
veins,  introducing  a  canula  into  the  ureter  so  as  to  be  able 
to  note  the  flow  or  aiTcst  of  the  urine.    As  long  as  the  urine 

*  Lowv^  Tradnttui  4*  Corde  Uem  de  Mhtu  tt  Uolore  Stiii^(nhf  Amstelo 
I6fi9,  ]\  180. 

^  The  Worktf  of  Jehu  Himtc]-,  Fhikdelphm,  l%i%  vol,  ili.,  p.  93. 
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continues  to  flow,  the  blood  in  these  vessels  will  be  bright 
red ;  but  when  secretion  becomes  arrested,  as  it  soon  does 
after  exposure  of  the  organs,  it  presents  no  difference  from 
the  blood  in  the  vena  cava.  In  the  sub-maxillary  gland,  by 
the  galvanization  of  a  certain  nerve,  which  he  calls  the  motor- 
nenre  of  the  gland,  Bernard  has  been  able  to  produce  secre- 
tion, and  by  the  galvanization  of  another  nerve,  to  arrest  it ; 
in  this  way  changing  at  will  the  color  of  the  blood  in  the 
vein.  It  has  been  found  by  the  same  observer  that, division 
of  the  sympathetic  in  the  neck,  which  dilates  the  vessels  and 
increases  the  supply  of  blood  to  one  side  of  the  head,  produces 
a  red  color  of  the  blood  in  the  jugular.  He  has  also  found 
that  paralysis  of  a  member  by  division  of  the  nerve  has  the 
same  effect  on  the  blood  returning  by  the  veins.  * 

The  explanation  of  these  facts  is  evident  when  we  reflect 
upon  the  reasons  why  the  blood  is  red  in  the  arteries  and 
dark  in  the  veins.     Its  color  depends  upon  the  corpuscles ; 
and  as  the  blood  passes  through  the  lungs  it  loses  carbonic 
acid  and  gains  oxygen,  changing  from  black  to  red.     In  its 
passage  through  the  capillaries  of  the  system,  in  the  ordinary 
processes  of  nutrition,  it  loses  oxygen  and  gains  carbonic  acid, 
changing  from  red  to  black.     During  the  intervals  of  secre- 
tion, the  glands  have  just  enough  blood  sent  to  them  for  their 
nutrition,  and  the  ordinary  interchange  of  gases  takes  place, 
with  the  consequent  change  of  color ;  but  during  their  func- 
tional activity,  the  blood  is  supplied  in  greatly  increased 
quantity,  in  order  to  furnish  the  watery  elements  of  the 
secretions.      Under   these    circumstances  it   does  not  lose 
oxygen  and  gain  carbonic  acid  in  any  great  quantity,  as  has 
l)een  demonstrated  by   actual   analysis,*  and  consequently 
experiences  no  change  in  color.    When  filaments  of  the  sym- 
pathetic are  divided,  the  vessels  going  to  the  part  are  dilated, 
and  the  supply  of  blood  is  increased  to  such  an  extent,  that  a 

*  BnuiASD,  op,  cii, 

TnpabliBbed  lectures  delivered  by  Bernard  in  tbe  College  of  France  during 
thegmnmerof  1861. 
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certain  proportion  passes  through  without  parting  with  its 
oxygen,  a  fact  which  has  also  been  demonstrated  by  analysis, 
and  consequently  retains  its  red  color.  The  explanation  in 
cases  of  syncope  is  probably  the  same ;  though  this  is  merely 
a  supposition.  Even  during  secretion,  a  certain  quantity  of 
carbonic  acid  is  formed  in  the  gland,  which,  according  to 
Bernard,  is  carried  off  in  solution  in  the  secreted  fluid.* 

It  may  be  stated  in  general  terms  that  the  color  of  the 
blood  in  the  arteries  is  bright  red ;  and  in  the  ordinary  veins, 
like  the  cutaneous  or  muscular,  it  is  dark  blue,  almost  black. 
It  is  red  in  the  veins  coming  from  glands  during  secretion,  and 
dark  during  the  intervals  of  secretion. 

Anatomical  Elements  of  the  Blood, 

In  1661,  the  celebrated  anatomist,  Malpighi,  in  examining 
the  blood  of  the  hedgehog  with  the  feeble  and  imperfect 
lenses  at  his  command,  discovered  little  floating  particles 
which  he  mistook  for  granules  of  fat,  but  which  were  the 
blood-corpuscles.  lie  did  not  extend  his  observations  in 
this  direction;  but  a  few  years  later  (1673),  Leeuwen- 
hoek,  by  the  aid  of  simple  lenses  of  his  own  construction, 
varying  in  magnifying  power  from  40  to  160  diameters,  first 
saw  the  cori^uscles  of  human  blood,  which  he  minutely 
di^scrilHHl  in  a  pai>er  published  in  the  Philosophical  Trans- 
actions, in  1674,  To  him  is  generally  ascribed  the  honor  of 
the  tlisooverv  of  the  blooii-corpuscles.  About  a  century  later, 
William  Uewsini*  descrilied  another  kind  of  corpuscles  in 
the  bkxKl,  which  are  much  less  abundant  than  the  red,  and 
which  arc  now  known  under  the  name  of  white  globules,  or 
lis  thoY  have  lately  been  called  by  Robin,  leucocytes. 

Without  following  the  prepress  of  microscopic  investiga- 

•  The  Work*  \^'  WiUUm  How^oiv  F.  It  S.,  SYAknham  Soctctr  edition,  London, 
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tions  into  the  constitntion  of  the  blood,  it  may  be  stated 
tiiat  it  is  now  known  to  be  composed  of  a  clear  fluid,  the 
Plasma^  or  Uquor  sanguinis^  holding  certain  corpuscles  in 
suspension.    These  corpuscles  are 

1.  Red  Corpuscles;  by  far  the  most  abundant,  constituting 
about  one-half  of  the  mass  of  blood. 

2.  Leucocytes^  or  White  Corpuscles  ;  much  less  abundant, 
existing  only  in  the  proportion  of  one  to  several  hundred  red 
corpuscles. 

3.  Grcmvles;  exceedingly  minute,  called,  by  Milne- 
Edwards,  globulins,  and  by  Kolliker,  elementary  granules. 
These  are  few  in  number,  and  are  undoubtedly  fatty  particles 
from  the  chyle.  They  are  to  be  regarded  as  accidental  con- 
stituents of  the  blood. 

^ed  Corpuscles, — These  little  bodies  give  to  the  blood  its 
Ted  color  and  its  opacity.  They  are  true  organized  structures, 
containing  organic-nitrogenized  and  inorganic  elements  molec- 
ularly  united,  and,  as  an  exception  to  the  general  rule,  a  lit- 
tle fatty  matter  in  union  with  their  organic  principle.  Like 
other  organized  structures,  they  are  constantly  undergoing 
decay,  and  are  capable  of  self-regeneration.  They  constitute 
about  one-half  the  mass  of  blood,  and,  according  to  the  obser- 
vations of  all  who  have  investigated  this  subject,  are  more 
abundant  in  the  male  than  in  the  female ;  this  constituting, 
perhaps,  the  only  constant  difference  in  the  composition  of 
the  blood  in  the  sexes. 

The  form  of  the  blood-corpuscles  is  peculiar.     They  are 
flattened,  bi-concave,  circular  disks,  with  a  thickness  of  from 
one-fourth  to  one-third  of  their  diameter.     Their  edges  are 
rounded,  and  the  thin  central  portion  occupies  about  one-half 
of  their  diameter.     Their  consistence  is  not  much  greater 
than  that  of  the  plasma.    They  are  very  elastic,  and  if  de- 
formed by  pressure,  immediately  resume  their  original  shape 
when  the  pressure  is  removed.    Their  specific  gravity  is  some- 
what greater  than  that  of  the  plasma. 
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Tlie  ijeculiBT  form  of  the  blood-corpiiscles  gives  them  a 
very  ctutracteribtic  appearance  under  the  microsoc^*.  When 
ifxatnined  with  a  magnifying  power  of  from  300  to  500 
dbafjeten»,  those  which  present  their  flat  snr&oeB  have  a 
ehaderl  centre,  when  the  edges  are  in  focus.  Before  we  were 
in  [>^>nBeft»ion  of  the  perfect  instruments  now  used  in  miero- 
W50pjc  invebtigation,  tliis  spot  was  supposed  to  be  a  nudeus 
having  a  constitution  different  from  the  rest  of  the  corpuscle. 
Now  this  is  understood  to  be  an  optical  effect,  the  result  of 
the  fonn  of  the  corpuscle;  their  bi-concavity  rendering  it  im- 
pciHjible  for  the  centre  and  edges  to  be  exactly  in  focus  at 
tlie  same  instant,  so  that  when  the  edges  are  in  focus  the 
centre  is  dark,  and  when  the  centre  is  bright  the  edges  are 
shaded. 

As  the  blood-corpuscles  are  examined  by  the  microscope 
by  transmitted  light,  they  are  quite  transparent,  and  of  a 
pale  amber  color.  It  is  only  when  they  are  collected  in 
masses  that  they  present  the  red  tint  characteristic  of  blood 
as  it  appears  to  the  naked  eye.  This  yellow  or  amber  tint  is 
cliaracteriBtic.  A  pretty  good  idea  of  it  may  be  obtained  by 
largely  diluting  blood  in  a  test  tube  and  holding  it  between 
the  eye  and  the  light. 

in  examining  blood  under  the  microscope,  the  corpuscles 
are  seen  in  many  different  positions ;  some  flat,  some  on  their 
odgos,  etc.  This  assists  us  in  recognizing  their  peculiar 
form. 

It  luis  been  observed  by  mieroscopists  that  the  blood- 
corpusi'les  have  a  remarkable  tendency  to  arrange  themselves 
in  n>wrt  like  rouleaux  of  coin.  This  has  attracted  imiversal 
attention,  and  for  a  long  time  was  not  satisfactorily  explained. 
lu>bin  hart  lately  given  us  what  seems  to  be  the  true  explana- 
tion of  this  phenomenon.*     This  observer  has  shown  that 


*  UoHiN,  S^r  qurlt/w*  JUnta  tit  rAHotomie  ft  de  la  Phytiologie  dea  GlobuUa 
h\*u^r  du  tVimy.  JoHrHit!  tie  la  Vhyiolw/ie  dt  VJIamme  H  dm  Animaw:^ 
r*rU,  18W,  Umio  L,  jx  295. 
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'  after  removal  from  the  vessels,  there  exudes  from  the 
corpuscles  an  adhesive  substance  which  smears  their  surface 
and  causes  them  to  stick  together.  Of  course  the  tendency 
is  to  adhere  by  their  flat  surfaces.  In  examining  a  specimen 
of  blood  under  the  microscope,  the  presence  of  this  adhesive 
exudation  may  be  demonstrated  by  employing  firm  and 
gradual  pressure  on  the  glass  cover,  when  the  adherent  cor- 
puscles may  be  separated  in  some  instances,  and  with  oblique 
light  we  can  sometimes  see  a  little  transparent  filament  be- 
tween them,  which  draws  them  together,  as  it  were,  when 
the  pressm^  is  removed.  This  phenomenon  is  due  to  a  post 
f/wrtem  change,  but  it  occurs  so  soon,  that  it  presents  itself  in 
nearly  every  specimen  of  fresh  blood  which  we  examine,  and 
is  therefore  mentioned  in  connection  with  the  normal  charac- 
ters of  the  blood-corpuscles. 

Dimensions. — ^The  diameter  of  the  blood-corpuscles  has  a 

more  than  ordinary  anatomical  interest ;  for,  varying  perhaps 

less  in  size  than  in  other  anatomical  elements,  they  are  rather 

taken  as  the  standard  by  which  we  form  an  idea  of  the  size 

of  other  microscopic  objects.     The  diameter  usually  given  is 

ijVt  of  an  inch.     The  exact  measurement  given  by  Robin  is 

.0073  of  a  millimetre  *  or  ^  J ^t^  of  an  inch.     It  is  stated  by 

some  authors  that  the  size  of  the  coq^uscles  is  very  variable, 

even  in  a  single  specimen  of  blood.      I  have  repeatedly 

measured  them  with  the  eye-piece  micrometer  of  Kachet, 

and  found  a  diameter  of  ^jVt  of  an  inch.     Very  few  are  to 

be  found  which  vary  from  this  measurement.     Kolliker,  who 

gives  their  average  diameter  as  j^Vt  of  an  inch,  states  that 

"  at  least  ninety-five  out  of  every  hundred  corpuscles  are  of 

the  same  size."  * 

We  cannot  leave  the  subject  of  the  size  of  the  blood-cor- 
puscles without  a  notice  of  the  measurements  in  the  blood  of 


^Lo€,  at 

*  K5LLIKXB,  Manual  of  Microaeopic  Anatomy^  London,  1860,  p.  619. 
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different  animak  This  point  is  interesting  from  tlic  fiict 
that  it  is  often  an  important  qnestion  to  determine  whetlier  a 
given  gpecimen  of  blood  be  irom  the  human  subject  or  one 
of  the  inferior  animals.  Comparative  measnrement^  also 
have  ail  interest  on  account  of  a  relation  which  seeiuE  to 
OTSt  in  the  animal  scale  between  the  si^e  of  the  blood-coi^ 
puscles,  and  muaculai-  activity.  In  all  the  mammalia,  with 
the  exception  of  the  camel  and  lama,  in  which  thej  are  oval, 
the  blood-corpuscles  liave  the  same  anatomical  characters  m 
in  tbc  Imman  enbject ;  tlio  only  difference  is  in  size*  In  only 
two  animalsj  the  elephant  and  sloth,  are  they  larger  than  in 
man ;  in  all  others  they  are  smaller,  or  of  nearly  the  mme 
diameter.  By  reference  to  the  table  it  will  be  seen  tbat  in 
some  animals  the  corpuscles  are  very  much  smaller  than  in 
man ;  and  by  accurate  measurement,  we  are  enabled  to  dis- 
tingnisb  their  blood  from  the  blood  of  the  human  enhject. 
But  ill  forming  an  opinion  on  this  subject,  it  must  be  rcmem- 
l)ered  that  there  is  some  variation  in  the  size  of  the  corpuscles 
of  the  same  aiiimnl.  We  can  easily  distinguish  the  blood  of 
the  human  subject,  or  of  the  mammals  generally,  irom  that 
of  bb^ds,  fishes^  or  reptiles ;  Ibr  in  these  classes  of  aniniala  the 
corpuscles  are  oval  and  contain  a  granular  nucleus, 

Milne-Edwards  has  attempted  to  show,  by  a  comparison 
of  the  diameter  of  the  bloml-corpuscles  in  different  species, 
that  their  dimensions  are  in  inverse  ratio  to  tbe  muscular 
activity  of  the  animal**  Reference  to  the  table  will  show 
that  this  relation  holds  good  to  a  certain  extent,  while  there 
certainly  exista  none  between  the  size  of  the  corpuscle  and 
the  size  of  the  animaL  In  deer,  which  are  remarkable  for 
their  muscular  activity,  the  cor(^>uscles  are  very  small,  j^^t 
of  an  inch  ;  while  in  the  sloth  they  are  ti'^^,  and  in  the  a^w 
which  is  comparatively  inactive,  ^j*^^^  But,  on  tbe  otb€ 
band,  in  the  dog,  wliicli  is  quite  active,  we  bave  a  oorpuscl 


b 
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of  ^Jjj  of  an  inch,  and  in  the  ox,  which  is  certainly  not  so 
active,  the  diameter  of  the  corpuscle  is  ^iVt  ^^  ^^  inch. 
Though  this  relation  between  the  size  of  the  blood-corpuscles 
and  muscular  activity  is  not  invariable,  it  is  certain  that  the 
higher  we  go  in  the  great  classes  of  animals,  the  smaller  the 
blood-corpuscle  becomes ;  the  largest  being  found  in  the  lowest 
orders  of  reptiles,  and  the  smallest  in  the  mammalia.  In  the 
blood  of  the  invertebrates,  with  a  few  exceptions,*  we  find  no 
colored  corpuscles. 


Table  of  Measurements  of  Bed  Corpuscles, 

This  table  is  taken  from  the  table  of  Mr.  Gnlliyer,  published  in  the  Sydenham 
fifition  of  Hewfton's  Works,  page  237.  Nearly  five  hundred  measurements  were 
iMd«  by  Mr.  Gulliver ;  and  of  these,  one  hundred  of  the  most  important  have  been 
Bdected.  It  will  be  observed  that  the  diameter  of  the  human  blood-corpuscle  is 
gntter  tium  that  generally  given.  It  must  be  borne  in  mind  that  all  these  meas- 
QKmeDtB  are  mere  approximations ;  but  as  such  they  are  useful,  as  showing  the 
iditioDs  of  the  corpuscles  in  different  animals,  and  enabling  us  to  distinguish 
^  blood  of  the  human  subject  from  that  of  some  of  the  inferior  animals ; 
iqnegdon  which  is  often  of  vital  importance.  The  measurements  are  all  given 
ffl  frictions  of  an  English  inch ;  and  in  making  the  selections,  the  common  names 
of  the  animals  have  been  substituted  for  the  technical  names  given  in  the  original. 

MAMMALS. 


CorpuBcUs  Circular, 

Diameter. 

Diameter. 

%.    .     . 

.        ^^    Whale,  . 

.          ^-^ 

Qmnpanzee,  . 

..       .    TrAy    Hog, 

.     -ii^ 

Onrang-Ontang, 

Wrr    Indian  Elephant,    . 

2  fl  B 

Black  Monkey,       . 

•    8tW    Indian  Rhinoceros,    . 

.      ^^ 

Bed  Monkey, 

T^az    Horse,    . 

4  «^0  0 

Cape  Baboon, 

•    Wbt    -^8s>  .        .        .        . 

•      '4  0  0  9 

Brown  BabooD, 

.        TiVr    Stag,      . 

T^SS 

Dog-faced  Baboon, 

•    TiVr    Fallow  Deer,     . 

•      ■iS'iS 

lazy  Monkey,     . 

Wrr    Virginia  Deer, 

Z^SH 

*  Note  9ur  VExittenei  de  Qlohula  du  Sang  colores  chez  pliuieurs  d^animauz 
imtriehriM.      Par  U  Dodeur  Ch.  Rouget.    Journal  de  Physiohgie,  &c.,  1859,  * 
tome  ii.,  p.  660.    In  this  arUcle  Dr.  Rouget  cites  a  number  of  invertebrate  ani- 
malB,  in  the  blood  of  which  he  has  foimd  corpuscular  elements.    This  is  opposed 
to  the  general  idea  that  corpuscles  exist  only  in  the  blood  of  the  vertebrates. 
8     . 
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Bac       .       .       .       . 

LiHi:r-<iir«d  Bit. 

Moil      .... 

FuLir  BiCtf: 

Bcomi  Beiftr  of  Europe, 

B£:k:iL  Biiflr  oiTy.  Anterici, 

EVn:.  .... 
Fox.       ...        . 

Woii       .... 

:>poct«!d  H^wiaL 


jtVt  Giraffe,      . 

:^^  Antelope, 

^nVr  GaieUe,     . 

ttAtt  Goat,     . 

,tW  Slieep,       . 

t/tf  Ox, 

jYwt  Buffalo, 

Y^  Musk  Deer  of  Java, 

Trhr  Flying  Squirrel, 

y3^  Red  Squirrel, 

T^  Black  Squirrel, 

j^  Gray  Squirrel, 

9^  Marmot,    • 

jtVt  Brown  Rat,  . 

y,V»  Black  Rat, 

,nVr  Mouse,  . 

jAt  Water  Rat, 

¥A¥  Porcupine,     . 

,f,Vr  Beaver,     . 

r»W  Guinea  Pig,  . 

tAt  Rabbit,     . 

;r3Vy  Two-toed  Sloth 

;nVr  Opossum, 

y3Vy  Kangaroo,     . 

yjVr  Dromedary  (oval), 

ysVr  Camel  (oval). 


Diameter. 

•  4  571 

514  8 

•  iA^ 

•  TSTT 
1TT2T 

rnry 

•  hAt 

4  0  60 

•  ttVit 

yAt 
fAt 

•  riW 

ysSnr 

•  tAt 

tAt 
L.  diam.  S.  dlam. 

uAt    tAi 
rAff    tA« 


BIRDS. 


iAt 
A  At 
*Af 

lAi 


^Ay 
^Af 


Pigeon, 

Turtle-dove, 

Peacock, 

Cock,     . 

Turkey, 

Guinea-fowl, 

Quail, 

Goose,    . 

Swan, 

Duck,     . 


Lon;     Shrrt 
Diam'r.  DiamY. 

tAt    ?At 

S6  6«      tAt 

tAt  tAt 
fAt    iAt 

?At  fAt 
»At  jAt 
sAt  hAt 
1  Ac  «At 
1  As  vArv 
tAt  ^Ai 
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REPTILES. 

Corputdea  Oval. 

Green  turtle, 
Land  tortoise, 

Long     Short 
DiamV.  DUm*r. 

•    Wn     nV¥    Lizard, 
tAt    wVb    Viper,    . 

AMPHIBIA. 
Corpuscles  Oval. 

Long  Short 
DUun'r.  Dlam'r. 

Long     Short 
IMunV.  Diam'r. 

Long  Short 
DUmV.  DIjunV. 

Frog,  .        .        . 

.    T^    rhr    Toad, 

FISHES. 
Corpuscles  Oval. 

l/iW    T^ 

Long     Short 
DiamV.  DiamY. 

Long  Short 
DIamV.  BlamV. 

Perch,      . 

Carp,           .        . 

Tihv    tAt    Pite,      . 
.    .nVr    iAt    Eel.     .       . 

1A5     8  Ay 

Post-mortem  Changes  of  Blood-Ccrjpuscles. — In  examining 
the  fresh  blood  under  the  microscope,  after  the  specimen  has 
been  nnder  observation  a  short  time,  the  corpuscles  assume  a 
peculiar  appearance,  from  the  development  on  their  surface 
of  very  minute  rounded  projections,  like  the  granules  of  a 
raspberry ;  indeed  they  are  said  by  the  French  to  become 
framhoiseeSj  which  expresses  the  appearance  very  well.  A 
little  later,  when  they  have  become  desiccated  to  a  certain 
extent,  they  present  a  shrunken  appearance,  and  their  edges 
become  serrated.  Under  these  circumstances,  their  original 
form  may  be  restored  by  adding  to  the  specimen  a  liquid  of 
the  density  of  the  serum.  When  they  have  been  completely 
dried,  as  in  blood  spilled  upon  clothing  or  a  floor,  months 
or  even  years  after,  they  can  be  made  to  assume  their  char- 
acteristic form  by  being  carefully  moistened  with  an  appro- 
priate fluid.  This  property  is  taken  advantage  of  in  exami- 
nations of  old  spots  supposed  to  be  blood ;  and  if  the  manipu- 
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latiorm  l>c  carefully  conducted,  the  corpuscles  may  be  recog- 
iihtul  witliout  difficulty  by  the  microscope.' 

If  pure  water  be  added  to  a  specimen  of  blood  under  the 
iniciroHcopo,  the  cori)UBcle8  will  first  swell  up,  become  spher- 
ical, and  arc  finally  lost  to  view  by  solution.  The  same  eflTect 
followH  ahnost  instantaneously  on  the  addition  of  acetic  acid* 

Stnioture. — The  structure  of  the  blood-corpuscles  is  very 
niinplo.  Thoy  are  perfectly  homogeneous,  presenting,  in 
tlunr  normal  condition,  no  nuclei  nor  granules,  and  are  not 
pi*<>vi(hul  with  an  investing  membrane.  A  great  deal  has 
btuMi  Haid  by  anatomists  concerning  this  latter  point,  and 
xwwwy  uix)  of  the  opinion  that  they  are  cellular  in  their  struo- 
\\\vx\  \m\\^  roinportod  of  a  membrane,  with  viscid,  semi-fluid 
oontontH,  Without  going  fully  into  the  discussion  of  this 
point,  it  may  bo  stated  that  few  have  assumed  actually  to 
douiou8trato  tbis  membrane;  but  they  have,  for  the  most 
|mrt,  JnfoTitHl  its  existence  from  the  fact  of  the  swelling,  and 
tti*  tlu\Y  tonn  it,  bursting  on  the  addition  of  water ;  and  par- 
tio\ilttrh\  aj*  it  sotMus  to  nu\  to  make  the  blood-corpuscles 
\^Ih\v  tho  tluHm^tioal  laws  %>i  cell-development  and  nutrition 
la\\l  \Unvu  l\Y  8<^\>vtum.  Their  great  elasticity,  the  persist- 
oiUH^  with  which  tlH\Y  \>rei?erve  their  bi-concave  form,  and 
Uunr  ^^uornl  ^p^HHinuKW  would  rather  favor  the  idea  that 
tho\  Ai\^  houK>4^nuvu5i  UhUi^  of  a  definite  shape,  than  that 
thov  h^vx^  a  kvU-wuU  with  s«emi-duid  ov^ntents;  especially  as 
|U\^  x^xUtxHKV  \xt*  a  mvHuhwuh*  has  been  inferred  rather  than 
\KH\KN*^t^t\\t  Thtir  uv%Je  \^f  numiioa  is  like  that  of  any 
\^|(h"^  auat\>5v\5vNAl  eW>ettts^  T!wy  ai^  ov^tiaually  bathed  in 
A  uuu^nw  tluxU  ^h^  (^U^u:^  *rKi  *>  ris5  ats  their  sah^tance 
K\\>i^H>^  >xv>r*/x  v><i?  *:nI  tfdSfCe^  ^!!ew  r::ui^f^bfcI  k  supplied.  In 
lUii*  >^5V>  ^ij^^x  u'-NXvtrvN''  *i<  >;jtrj5e  cCduy^K-  ae-  v^cbzer  anatomical 
^\\**^^t5^     NV>\^  yXv^rv\xx^.*^  or  rxrcjaov^x:  iocr  the  body  in 

i\i;«i,*-v  V^«.«.«    *Mf»*w,.  ^>;>*   r>cs     X  .V  -iiiu.  7.  1.50. 
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hemorrhages,  new  corpuscles  are  gradually  developed,  until 
their  quantity  reaches  the  normal  standard.  Thus  in  the 
anemia  which  follows  considerable  loss  of  blood,  the  color 
gradually  returns  with  the  development  of  the  corpuscles. 

Chemical  Characters. — In  all  chemical  analyses  of  the 
hlood-corpuscles,  the  proportions  of  dried  constituents  only 
are  given.  As  we  have  seen  in  treating  of  organic-nitrogen- 
ized  elements,  such  estimates  give  no  idea  of  the  actual  pro- 
portions of  the  organic  constituents  of  fluids  or  tissues.  We 
must  consider  the  corpuscles  as  organized  bodies,  consisting 
ahnost  entirely  of  globuHne,  with  which  are  combined  a 
small  quantity  of  hematine,  or  coloring  matter,  fat,  and  cer- 
tain inorganic  salts,  from  which  it  cannot  be  separated  with- 
out decomposition.  The  chemical  characters  of  globuline 
have  already  been  considered.*  The  iron  wliich  the  blood 
contains  is  regarded  as  existing  in  the  hematine.  Its  pres- 
euce  can  readily  be  demonstrated  in  a  single  drop  of  blood 
hy  adding  nitric  acid  and  evaporating,  which  reduces  it  to 
the  condition  of  a  per-oxide,  when  a  red  color  is  produced  on 
the  addition  of  the  sulpho-cyanide  of  potassium.  The  iron 
is  molecularly  united  with  the  other  constituents,  probably 
as  iron,  and  not  as  an  oxide,  as  has  been  supposed  by  some.' 
The  fat  which  is  found  in  the  corpuscles  forms  an  exception 
to  the  general  law  regulating  the  condition  of  this  principle 
in  the  tissues,  namely,  that  it  is  always  uncombined  with 

*  Vidi  page  90. 

'Crjstals  have  long  been  observed  in  blood  under  certain  circumstancee. 

Sir  £verfaard  Home  first  observed  them  in  the  clots  of  aneurismal  sacs  in  1830. 

Snce  Aen  they  have  been  described  by  Scherer,  Virchow,  and  others,  and  by 

ouuij  are  supposed  to  be  pure  hematine,  or  the  normal  coloring  matter  of  the  red 

ooq)Dacles.    Robin  and  Verdeil,  who  have  studied  them  very  closely,  do  not  con- 

fider  these  crystals  as  constituting  a  proximate  principle,  but  as  formed  by  an 

alteration  of  the  hematine,  consisting  in  the  substitution  of  water  for  the  iron. 

By  careful  analysis,  these  observers  have  failed  to  detect  any  iron  entering  into 

thdr  composition.    They  are  treated  of  in  their  '*  Chimie  AncUomiqiie^^*  under 

Hegmatmdine,     Op,  cit,  tome  iii.,  pp.  376  and  430,   and  Nyaien's  JDictionaryy 

1858.     UcBmaUyidine, 


118  THE  BLOOD. 

otlior  iirinciplcft,  existing  as  adipose  tissue  or  in  granules, 
jlcjro  it  JH  rnolecularly  united  with  the  other  elements. 

In  fU!<^>rdance  with  the  invariable  law,  that  the  organic 
nitro^onized  elements  of  the  body  are  combined  with  inor- 
jjfiuiicj  principles,  we  find  entering  into  the  composition  of  the 
blo()<l-c.()ri)nHcle8  certain  inorganic  salts.  These  all  exist  in 
tli(<  pluHina  in  about  the  same  proportions  as  in  the  cor- 
IMiKcJoK.  In  short,  as  we  shall  see  when  we  take  up  the  com- 
ptmition  of  the  entire  blood,  the  corpuscles  differ  from  the 
plrtHHui  only  in  the  fact  that  they  contain  coloring  matter  and 
globtilino,  insttMul  of  fibrin  and  albumen,  and  that  the  fat  is 
united  with  the  organic  matter  instead  of  being  in  distinct 
gnuudoH.  In  all  other  respects  their  composition  is  nearly 
idt^ntioal.  AVo  (m\u  thus  appreciate  how  favorable  their  con- 
ntitutii»n  and  situation  are  for  their  nutrition  at  the  expense 
of  oUmuimUs*  t\irnished  by  the  plasma.* 

/>t*^Ylop$nent  i^ffA^  Blood'Corpft^^, — ^Very  early  in  the 
doYolopnuMit  of  tlio  ovum  the  blood-vessels  appear,  consti- 

^  Ik^xum^uu  guxx«  tho  t\41owin^  Ut4e  shoving  the  compftntire  composition  of 

\\W  (>An»  *^  HKs^V\\vr^>u>oKo  l^W?  p«ts  i>f  LiqxMr  Ssa^ninis 

W*«»*v *^^V    W«t»r» 902^ 

^N^s^  ,N>»NH»ii^s^^ix    ^  X     SUt>V     StCSI  <\«$<:ia««t& >T10 


>^»HiS''\vwx^Vj^  ^*'«:^S\  S|y«£Sc  £r»<irr,    1\>S 


,.       \^^ 

r^>«':x 

4-<tt 

\;sVsS^^»v  (k-JNi  *\..;  :»«n,^.>cx»s\  ... 

^Jsi-fi 

X*.Sx.w>f<u 

T>-i4 

>\V 

^i^ 

¥^ 

1-T8 

S'M 

V  ;»vc^  $ct>v«:tti».-vs. 

S-55 

^^\^<.>»NK    , 

\^iUC-lXWv 

*<«M 

V.-jv,.'*  »»»v    Vo**» 

i-'^w 

?^r»a-or»,-  \.-..»^ 

♦■115 

V^NX-^V***,    \,»<.» 

V-<4i 

r^»«*r*h«^*  Ar.**^        ._ 

«f  I 

X\s*%xv^»..i^ 

j^^> 

?*(«ae«Uim;. 

-.-  ♦*» 

Xviu-*^ 

•A*- 

Sa.Uuju 

««fl 

^^\^-^^^«^ 

^^'^pr 

.X-^e^                       

^  *» 

^^»vw^v-*    X   .  {«v. 

r-    ., 

Tnw»;nfc»it,  ;.  "^.Imt.  . 

#-41! 

V^NX'^^W*^'^     V^     V^'tV-^iX 

r>-.> 

T'lwtyUa.x  n  '^s^eitHca^  .^ 

--     .,.<r»*l 

-■\ »>•*''>•>■•    /^A^****^      T^.tii>.t.»J»dtti^  1533^.  '«^  i«  T^  54*. 
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tuting  what  is  called  the  area  vasculosa.  At  first  the  vessels 
are  filled  with  a  colorless  fluid,  which  soon  becomes  yellow, 
and  when  the  embryo  is  about  one-tenth  of  an  inch  in  length, 
becomes  red,  and  the  corpuscles  make  their  appearance.  From 
this  time  until  the  sixth  to  the  eighth  week,  they  are  from 
30  to  100  per  cent,  larger  than  in  the  adult.  Most  of  them 
are  circular,  but  some  are  ovoid,  and  a  few  are  globular.  At 
this  period,  nearly  aU  of  them  a/re  provided  with  a  nucleus  ; 
but  from  the  first,  there  are  some  in  which  this  is  wanting. 
The  nucleus  is  from  -^^^  to  -^^  of  an  inch  in  diameter, 
globular,  granular,  and  insoluble  in  water  and  acetic  acid. 
As  development  advances,  these  nucleated  corpuscles  are 
gradually  lost ;  but  even  at  the  fourth  month  we  may  still 
see  a  few  remaining.  After  this  time  they  present  no  ana- 
tomical differences  from  the  blood-corpuscles  in  the  adult. 

In  many  works  on  physiology  and  microscopic  anatomy, 
we  find  accounts  of  the  development  of  the  red  corpuscles 
from  the  colorless  corpuscles,  or  leucocytes,  which  are  sup- 
posed to  become  disint^rated,  their  particles  becoming  de- 
veloped into  red  cori)uscles ;  but  there  seems  to  be  no  suffi- 
cient evidence  that  such  a  process  takes  place.     The  red 
corposcles  appear  before  the  leucocytes  are  formed ;  *  and  it 
is  only  the  fact  that  the  two  varieties  coexist  in  the  blood- 
vessels which  has  given  rise  to  such  a  theory.     It  is  most 
reasonable  to  consider  that  the  red  corpuscles  are  formed  by 
a  true  genesis  in  the  sanguineous  blastema.     We  can  offer 
no  satisfactory  explanation  of  the  process  by  which  the  tissues 
are  formed  from  their  blastema,  nor  can  wo  explain  the  way 
in  which  the  blood-corpuscles,  which  are  true  anatomical 
elements,  take  their  origin.     There  is  furthermore  no  suffi- 
cient evidence  that  any  particular  organ  or  organs  have  the 
function  of  producing  the  blood-corpuscles.     Ilewson  sup- 
posed that  they  were  formed  in  the  spleen.     Kolliker  is  of 
the  opinion  that  they  are  destroyed  in  the  spleen.     It  is 

*  L0210ET,     Traite  de  Phtftiologie,    tome  i^  p.  715. 
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fis{[fir(\isf\  hy  mme  as  a  nocesBitr  that  there  ahonld  be  an  organ 
fiff  the  det^trur^tion  of  the  corposelea,  and  one  for  their  forma- 
tion, Jtc^arding  them,  aa  we.  certainly  must,  as  organized 
iKKJir^H  wljicli  are  eeecntial  anatomical  elements  of  the  blood, 
it  JH  difii(;iilt  to  imagine  what  reasons,  based  on  their  function, 
fihould  lead  pliysiologists  to  seek  so  persistently  alter  an 
or^an  for  tlieir  destniction.  The  hypothesis  that  they  are 
\m»A  m  the  formation  of  pigment  seems  hardly  sufficient  to 
aciuiunt  for  this. 

In  the  present  state  of  our  science,  the  following  seem  to 
Ixj  ih(3  most  rational  views  with  regard  to  the  development 
and  nutrition  of  tlie  blood-corpuscles : 

1.  At  their  first  appearance  in  the  ovum,  they  are  formed 
by  no  H])ocial  organs,  for  no  special  organs  exist  at  that  time, 
b\it  appear  by  genesis  in  the  sanguineous  blastema. 

2.  When  f\illy  formed,  they  are  regularly  organized  ana- 
tontical  oletaents,  subject  to  the  same  laws  of  gradual  moleo- 
uhir  waste  and  repair  as  any  of  the  tissues. 

l\.  'rh(\y  are  generated  de  novo  in  the  adult,  when  dimin- 
Inhod  in  (pumtity  by  liemorrhage  or  otherwise,  and  under 
t1u»8i^  oiiHMunstancos  they  are  probably  formed  in  the  liquor 
wuijLCuinis  by  the  wuno  proc*ess  by  which  they  take  their  origin 
In  tho  munu 

Futhiii^n  of  i/i^  lilikxi'Corpu^h's. — Though  the  fibrin 
and  {dbiuuon  of  tho  phisma  of  the  blood  are  essential  to 
uutriiion,  tho  nnl  ivrpusclos  are  the  |>arts  most  immediately 
ntHvs.v{U\v  to  litV\  Wo  have  already  seen,  in  treating  of  trans- 
t\isivvn»  that  lit\*  may  Iv  nvtorod  to  an  animal  in  which  the 
t\u\ot ix^^s  hiuo  Ihvu  sus{vndo\l  from  hemorrhage,  by  the  iu- 
ttwlnotiv^n  \^^'  t\\\di  bUvxJ;  and  while  ii  is  not  necessary  that 
thJj*  bUssl  j^livMild  ivutain  lil^li\  it  has  been  shown  by  the 
o\)H^r\\\\onts  of  lV>Vv\!it  and  Pun:as  and  others  that  the 
uutvvuutu^u  v>t*  :j<Tuin.  wiiiKHit  :be  ov^^pttsofesv  has  no  resto- 
\^ti\v  otrxvt.  Wluu  aI;  lix^  ;i^orIv^  !e»diriir  to  a  j>art  are 
l\ji,^tvsU  tho  ti$s;u>s  Ivtj»o  U50ir  ycv^jx-^tios  of  ivntrictility,  sen- 
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fiibility,  &c,  which  may  be  restored,  however,  by  su])plyiiig 
it  again  with  the  vivifying  fluid.    We  shall  see  when  we 
coine  to  treat  of  the  function  of  Eespiration,  that  one  great 
distinction  between  the  corpuscular  and  fluid  elements  of  the 
blood,  is  the  great  capacity  which*  the  former  have  for  ab- 
sorbing gases.    Direct  observations  have  shown  that  blood 
will  absorb  10  to  13  times  as  much  oxygen  as  an  equal  bulk 
of  water.     This  is  dependent  almost  entirely  on  the  presence 
of  the  red  corpuscles.*    As  all  the  tissues  are  continually 
absorbing  oxygen  and  giving  off  carbonic  acid,  a  property 
which  is  immediately  essential  to  a  continuance  of  vitality, 
a  great  function  of  the  corpuscles  is  to  carry  this  principle  to 
all  parts  of  the  body.    In  the  present  state  of  our  knowledge, 
this  is  the  only  well-defined  function  which  can  be  attributed 
to  the  red  corpuscles,  and  it  undoubtedly  is  the  principal  one. 
They  have  an  affinity,  though  not  so  great,  for  carbonic  acid, 
which,  after  the  blood  has  circulated  in  the  capillaries  of  the 
syBtem,  takes  the  place  of  the  oxygen.    In  some  experiments 
performed  a  few  years   ago  on  the  effects  of  hemorrhage 
and  the  location  of  the  "  besain  de  respirer^'^  it  was  shown 
that  one  of  the  results  of  removal  of  blood  from  the  system, 
vas  a  condition  of  asphyxia,  dependent  upon  the  absence  of 
these  respiratory  elements."     The  following  may  then  be 
stated  as  the  principal  function  of  the  red  corpuscles  of  the 
Wood: 

They  are  respiratory  organs ;  taking  up  the  greater  part 
of  the  oxygen  which  is  absorbed  by  the  blood  in  its  passage 
through  the  lungs,  and  conveying  it  to  the  tissues,  wliere  it 
is  given  up,  and  its  place  supplied  by  carbonic  acid. 

LeucocyteSjOr  White  Corpu8cle%oftlie Blood. — In  addition 
to  the  red  corpuscles  of  the  blood,  this  fluid  always  contains 
a  number  of  colorless  bodies,  globular  in  form,  in  the  sub- 

*  RoBur  and  Verdeil,  op.  dJL^  tome  il,  p.  32. 

'  See  an  article  by  the  Aathor  in  the  American  Journal  of  the  Medical  Seicncee, 
October,  1861. 
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Stance  of  which  are  embedded  a  greater  or  less  number  of 
minute  granules.  These  have  been  called  by  Kobin,  Leucocytes. 
This  name  seems  more  appropriate  than  that  of  white  or 
colorless  blood-corpnscles,  inasmuch  as  they  are  not  peculiar 
to  the  blood,  but  are  found  in  the  lymph,  chyle,  pus,  and 
various  other  fluids,  in  which  they  were  formerly  known  by 
different  names.  All  who  have  been  in  the  habit  of  exam- 
ining the  animal  fluids  microscopically,  must  have  noticed 
the  great  similarity  existing  between  the  corpuscular  ele- 
ments found  in  the  above-mentioned  situations.  As  mi- 
croscopes have  been  improved,  and  as  investigations  have 
become  more  exact,  the  varieties  of  corpuscles  have  been 
narrowed  down.  Now  it  is  pretty  generally  acknowledged 
that  the  corpuscles  found  in  mucus  and  pus  are  identical ; 
also  that  there  is  no  difference  between  the  white  corpuscles 
found  in  the  lymph,  chyle,  and  blood ;  and  finally,  the  recent 
investigations  of  Robin  have  shown  that  all  of  these  bodies, 
which  were  formerly  supposed  to  present  marked  distinctive 
characters,  belong  to  the  same  class,  presenting  but  slight 
ditterunees  in  different  situations.  The  description  which 
will  1)0  given  of  the  white  corpuscles  of  the  blood,  and  the 
effects  of  reagents  upon  them,  will  answer,  in  the  main,  for 
all  that  are  grouped  under  the  name  of  Leucocytes.* 

Leiieoeytes  are  normally  found  in  the  Blood,  Lymph, 
Chyle,  Semen,  Colostrum,  and  Vitreous  Humor.  Patholog- 
ieully  they  are  found  in  the  secretion  of  mucous  membranes, 
atVer  tlie  slightest  irritation,  and  in  inflammatory  products, 
when  tliev  are  called  ^w^  corpuscles. 

In  examining  a  speeimen  of  blood  with  the  microscope, 
we  immediately  notice  the  marked  difference  between  the 
leueoeytes  and  red  corpuscles.  The  former  are  globular, 
with  a  smooth  suit  are,  but  rendered  somewhat  opaque  by 

*  V\»r  n  full  aanMuit  of  tho  Anatomy  and  Physiolo*:^  of  Uiese  bodies,  Uie  readei* 
is  n^fi  rtxsl  to  an  olalH>r.vto  article  on  this  subject  by  Robin  in  the  Journal  de  la 
./*A »/«♦.>/« >f7»V,  toiuc  ii.,  p.  41,  and  the  article  **  i>ir«>fyff,"  in  Nysten^s  Dictionanr, 
r.\ris.  18^8. 
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the  presence  of  more  or  less  granular  matter,  white,  and 
larger  than  the  red  corpuscles. 

In  examining  the  circulation  under  the  microscope,  we 
are  struck  with  the  adhesive  character  of  the  leucocytes  as 
compared  with  the  red  corpuscles.  The  latter  circulate  with 
wonderful  rapidity  in  the  centre  of  the  vessel,  while  the 
leucocytes  have  a  tendency  to  adhere  to  the  sides,  moving 
along  slowly,  and  occasionally  remaining  for  a  time  entirely 
stationary,  until  they  are  swept  along  by  a  change  in  the 
direction  or  force  of  the  current. 

Their  size  varies  somewhat,  even  in  any  one  fluid, 
as  the  blood.  Their  average  diameter  may  be  stated  as 
j^  of  an  inch.  It  is  in  pus,  where  they  exist  in  greatest 
abondance,  that  their  microscopic  characters  may  be  studied 
with  greatest  advantage.  In  this  fluid,  after  it  is  discliarged, 
the  corpuscles  sometimes  present  remarkable  deformities. 
They  become  polygonal  in  shape,  and  sometimes  ovoid ;  oc- 
casionally presenting  projections  from  their  surface,  whicli 
give  them  a  stellate  appearance.  Tliese  alterations,  how- 
ever, are  only  temporary ;  and  after  jfrom  twelve  to  twenty- 
four  hours,  they  resume  their  globular  shape.  On  the  addi- 
tion of  acetic  acid  they  swell  up,  become  transparent  with  a 
delicate  outline,  and  present  in  their  interior  one,  two,  three, 
or  e?en  four  rounded  nuclear  bodies  generally  collected  in  a 
mass.  This  is  rather  to  be  considered  as  a  coagulation  of  a 
portion  of  the  corpuscle,  than  a  nucleus  brought  out  by  the 
action  of  the  acid,  which  renders  the  corpuscle  transparent ; 
though  in  some  it  is  seen  through  the  granules  without  the 
addition  of  any  reagent.  This  appearance  is  produced, 
though  more  slowly,  by  the  addition  of  water. 

Leucocytes  vary  considerably  in  their  external  characters 
in  different  situations.  Sometimes  they  are -very  pale  and 
almost  without  granulations,  while  at  othei's  they  are  filled 
with  fatty  granules,  and  are  not  rendered  clear  by  acetic 
acid.  As  a  rule,  they  increase  in  size  and  become  granular 
when  confined  in  the  tissues.     In  colostrum,  when  they  are 
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called  colostrum  corpuscles,  they  generally  undergo  this 
change/  As  the  result  of  inflammatory  action,  when  they 
are  sometimes  called  inflammatory  or  exudation  corpuscles, 
leucocytes  frequently  become  much  hypertrophied,  and  are 
filled  with  fatty  grannies.  They  always  retain,  however, 
general  characters  by  which  they  may  be  recognized. 

Development  of  Leucocytes. — These  corpuscles  appear 
in  the  blood-vessels  very  early  in  foetal  life,  before  the  lym- 
phatics can  be  demonstrated.  They  arise  in  the  same  way 
as  the  red  corpuscles,  by  genesis  from  materials  existing  in 
the  vessels.  They  appear  in  lymphatics,  before  we  come  to 
the  lymphatic  glands,  and  in  the  foetus  anterior  to  the  devel- 
opment of  the  spleen,  and  also  on  the  surface  of  mucous 
membranes ;  so  they  cannot  be  considered  as  produced  exclu- 
sively by  these  glands,  as  has  been  supposed.  There  is  no 
organ  nor  class  of  organs  in  the  body  specially  charged 
with  their  formation ;  and  though  frequently  a  result  of  in- 
flammation, this  process  is  by  no  means  necessary  for  their 
production.  Eobin'  has  carefully  noted  the  phenomena  of 
their  development  in  recent  wounds.  The  first  exudation 
consists  of  clear  fluid,  with  a  few  red  corpuscles ;  then  a 
finely  granular  blastema.  In  from  a  quarter  of  an  hour  to  an 
hour,  pale  transparent  globules,  -^^^  to  -^^^  of  an  inch  in 
diameter,  make  their  appearance,  which  soon  become  finely 
granular,  and  present  the  ordinary  appearance  of  leucocytes. 
They  are  thus  developed,  like  other  anatomical  elements,  by 

*  Colostrum  is  the  discharge  from  the  mammary  glands,  occurring  during  the 
first  few  days  after  delivery,  which  precedes  the  full  establishment  of  the  lacteal 
secretion.  It  is  a  serous  fluid,  rather  clear,  which  presents,  on  microscopical 
examination,  a  few  milk  globules,  large  drops  of  oil,  rounded  masses  of  small 
fdtty  granules,  and  enlarged  and  granular  leucocytes,  called  colostrum  corpuscles, 
as  well  as  those  which  have  undergone  no  alteration.  These  gradually  disappear, 
as  the  secretion  is  established,  and  their  place  is  supplied  by  the  milk  globules. 
(See  "  Colostrum,''^  Nysten's  Dictionary,  by  Littr6  and  Robin;  Paris,  1858.) 

«  Zoc.  cU, 
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oiganization  of  the  Decessary  elements  furnished  by  a  blas- 
tema, and  not  by  the  action  of  any  special  organ  or  organs. 

The  quantity  of  leucocytes  compared  to  the  red  corpuscles 
can  only  be  given  approximately.  It  has  been  estimated  by 
oonnting  under  the  microscope  the  red  corpuscles  and 
leucocytes  contained  in  a  certain  space.  Moleschott*  gives 
the  proportion  as  1 :  835 ;  others  at  from  1 :  800  to  1 :  500. 
It  has  been  found  by  Dr.  E.  Hut,  of  Zittau,  whose  obser- 
vations have  been  confirmed  by  others,  that  the  relative 
quantity  of  leucocytes  is  much  increased  during  diges- 
tiott.  He  found  in  one  individual  a  proportion  of  1: 
1800  before  breakfast;  an  hour  after  breakfast,  which  he 
took  at  8  o'clock,  1 :  700 ;  between  11  and  1  o'clock,  1 :  1600 ; 
after  dining  at  1  o'clock,  1 :  400 ;  two  hours  after,  1 :  1475 ; 
aft»r  supper  at  8  P.  M.,  1 :  550 ;  at  llj  P.  M.,  1 :  1200."  The 
leucocytes  are  much  lighter  than  the  red  corpuscles,  and  when 
the  blood  coagulates  slowly,  are  frequently  found  forming  a 
layer  on  the  surface  of  the  clot,  which  is  called  the  "  buffy 
coat." 

Numerous  observers,  among  whom  may  be  mentioned 
Doim6,  KoUiker,  Gray,  and  Hirt,*  have  noticed  a  great  in- 
erease  in  the  number  of  leucocytes  in  the  blood  coming  from 
the  spleen,  and  have  supposed  that  they  are  chiefly  manufac- 
tured in  this  organ.  It  is  inconsistent  with  the  mode  of 
development  of  these  corpuscles  to  suppose  that  any  special 
organ  is  exdusively  engaged  in  their  production ;  and  their 
persistence  in  animals  after  extirpation  of  the  spleen  shows 
that  they  are  developed  in  other  situations. 

The  fimction  of  the  leucocytes  is  not  understood.  The 
supposition  that  they  break  down  and  become  nuclei  for  the 
development  of  red  corpuscles,  which  at  one  time  obtained, 
i*  a  pure  hypothesis,  and  has  no  basis  in  fact. 

*K5ujKiB,  Manual  of  Microscopic  Anatomy ^  London,  1860,  p.  521. 

'  Xilss-Edwabos,  Zefons  tntr  la  Phynologie  et  V Anatomic  CompareCj  tome 

'Ibid.,  p.  868. 


126  THE  BLOOD. 

Elementary  Corpuscles. — ^Little  granules  are  found  in  the 
blood,  e8i)ecially  during  digestion,  which,  as  they  were 
supposed  to  take  part  in  the  formation  of  the  white  corpuscles, 
liavo  l>een  called  elementary  granules  or  corpuscles.  They 
are  little  fatty  particles  of  the  chyle  which  come  from  the 
thoracic  duct,  and  are  not  positively  known  to  have  any  con- 
nection with  the  formation  of  the  other  corpuscular  elements 
of  the  blood. 


CHAPTER  II. 

OOMPOSinON  OF  THE  BLOOD. 

Gtneral  conaiderationB — Methods  of  quantitatiye  analysis — ^Fibrin — Corpuscles — 
Albumen — ^Inorganic  constituente— Sugar — Fatty  emulsion — Coloring  matter 
of  the  semm — ^Urea  and  the  Urates — Cholesterine — Creatme — Creatinine.  • 

AssnMma,  as  we  certainly  must,  that  the  blood  furnishes 
material  for  the  nourishment  of  all  the  tissues  and  organs,  we 
expect  to  find  entering  into  its  composition  all  the  proximate 
principles  existing  in  the  body  which  undergo  no  change  in 
nutrition,  like  the  inorganic  principles,  and  organic  matters 
vhich  are  capable  of  being  converted  into  tlie  organic  ele- 
ments of  every  tissue.  Furthermore,  as  the  products  of  waste 
^all  taken  up  by  the  blood  before  their  final  elimination, 
these  also  should  enter  into  its  composition.  With  these 
peat  principles  in  our  minds,  it  is  unnecessary  to  insist  upon 
the  importance  of  accurate  proximate  analyses  of  the  circu- 
lating fluid.  It  is  not  many  years  that  our  knowledge  of 
the  laws  of  nutrition  and  destructive  assimilation  have  enabled 
^  to  appreciate  the  full  importance  of  the  blood ;  but  it  has 
"^n  60  palpable  that  this  fluid  is  necessary  to  life,  that  the 
^Wer  physiologists  made  numberless  futile  attempts  to  obtain 
^Qie  clear  idea  of  its  composition.  We  have  only  to  go 
hack  to  the  beginning  of  the  present  century  to  find  the  first 
analyses  of  the  blood  which  were  attended  with  any  degree 
^^  success.     In  1808,  Berzelius  analyzed  the  serum  of  the 
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human  blood,  indicating  certain  proportions  of  albnmcn, 
lactate  of  soda,  muriate  of  soda,  etc. ;  he  was  followed  by 
Marcet  in  1811,  by  whom  his  observations  were  confirmed. 
In  1823,  Provost  and  Dumas  published  their  elaborate  re- 
searclies  into  the  composition  of  the  blood,  which  seemed  to 
criYG  an  impulse  to  investigations  in  this  direction,  and  were 
soon  followed  by  Vie  analyses  of  Andral  and  Gavarret,  Leh- 
mann,  Simon,  Becquerel  and  Eodier,  Denis,  and  a  host  of 
others,  whoso  labors  have  made  us  comprehend  some  of  the 
most  important  laws  which  regulate  the  general  processes  of 
nutrition. 

Notwithstanding  the  immense  amount  of  labor  bestowed 
by  the  most  eminent  chemists  of  the  day  upon  the  quantita- 
tive analysis  of  the  blood,  and  the  great  physiological  interest 
attaching  to  every  advance  in  our  knowledge  in  this  direction, 
the  difficulties  in  the  way  are  so  great,  that  even  now  there 
are  no  analyses  which  give  the  exact  quantities  of  each  of  its 
inorganic  constituents.  This  is  owing  to  the  great  difficulty 
in  the  analysis  of  any  fluid  in  which  inorganic  and  or- 
ganic principles  are  so  closely  united ;  for  there  is  no  more 
delicate  problem  in  analytical  chemistry  than  the  determina- 
tion of  the  presence  and  quantities  of  inorganic  substances 
unitwl  with  organic  matter.  Of  the  animal  fluids  which  are 
easily  obtaineil,  the  blood,  from  the  large  proportion  of  differ- 
ent organic  principles  which  enter  into  its  composition,  presents 
the  greatest  ditKeulties  to  the  analytical  chemist.  Another  * 
difficulty  }>rosents  itself  in  the  necessity  oiv^ proximate^  and  not 
an  ultimate  analysis.  It  is  not  sufficient  to  give  the  amount 
of  certain  chem  ictil  elenuviU  which  the  blood  contains ;  we 
nnist  i\s<*ortain  the  amount  of  these  elements  in  the  state  of 
union  with  each  other  to  fonn  ptH>ximat^ principles. 

Analyses  have  shown  that  tlie  constituents  of  the  blood 
may  bo  dividoil  into  : 

1.  ItiortMnu'  i\>n^ihftnf4i. — ^Tliese  exist  in  a  state  of  inti- 
niato  and  UK>Kvular  union  with  the  oiganie-nitrogenized  ele- 
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ments.  Their  presence  is  indicated  by  the  appropriate  tests 
applied  to  the  residue  of  the  blood  after  incineration,  which  • 
show  the  well-known  reactions  of  the  chlorides,  sulphates, 
phosphates,  and  carbonates,  with  sodium,  potassium,  lime, 
magnesia,  and  iron.  In  addition  we  have  certain  gases 
(oxygen,  nitrogen,  and  carbonic  acid),  which  may  be  extracted 
by  the  air-pump  or  by  displacement. 

2.  OrganiCj  Ifon-nitrogenized  Constituents.  —  These  are 
the  sugars  and  fats ;  which  are  separated  from  the  other  ele- 
ments without  much  diflSculty,  and  may  bo  recognized  by 
their  peculiar  properties. 

3.  Organic,  Nitrogenized  Constittients. — These  constitute 
the  greater  part  of  the  blood,  and  are  inseparably  connected, 
in  their  functions,  and  as  a  condition  of  existence,  with  the 
inoi^anic  principles.  They  may  be  extracted  by  processes 
abeady  described  in  treating  of  fibrin,  albumen,  and  globu- 
line,  and  recognized  by  their  peculiar  properties. 

Most  of  the  constituents  of  the  blood  are  found  both  in 
the  corpuscles  and  plasma.  It  is  difiicult  to  determine  the 
different  constituents  of  these  two  parts  of  the  blood.  It  has 
been  shown,  however,  by  Schmidt,  of  Dorpat,  that  the  phos- 
phorized  fats  are  more  abundant  in  the  globules,  while  the 
fiitty  acids  are  more  abundant  in  the  plasma.  The  salts  with 
a  potash  base  have  been  found  by  the  same  observer  to  exist 
almost  entirely  in  the  corpuscles,  and  the  soda  salts  are  four 
times  more  abundant  in  the  plasma  than  in  the  corpuscles/ 
All  the  iron  exists  in  the  red  corpuscles. 

Tlie  proportions  of  the  various  constituents  of  the  blood 
^  Bubject  to  certain  variations.  These  points,  with  their 
^lations  to  the  tissues  in  the  processes  of  nutrition,  have 
been  so  fully  taken  up  in  the  consideration  of  Proximute 
Principles,  that  they  do  not  demand  special  notice  in  this 

'  Khje-Edwahds,    Lepona  wr  la  PhynologUy    etc.,  tome  I,  p.  226. 
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connection.  In  addition  to  the  nntritiTe  principles,  we  have 
entering  into  the  composition  of  the  blood,  nreo,  cholesterine, 
mute  of  soda,  creatine,  creatinine,  and  other  substances,  the 
eharacters  of  which  are  not  yet  fully  determined,  belonging 
to  the  olaiSJ  of  Eecrementitious  Principles.  Their  considera- 
tion comes  more  appropriately  under  the  head  of  Excretion^ 
and  they  will  he  fully  taken  up  in  the  chapter  devoted  to 
that  subject.  Though  a  knowledge  of  the  exact  proportions 
of  the  various  elements  of  the  blood  is  not  necessary  in  order 
to  appreciate  the  relations  of  this  fluid  to  the  tissues,  the 
iireat  interest  which  is  attached  to  this  line  of  investigation, 
and  the  important  advantages  which  we  may  look  for  in  the 
tiiture  from  extended  inquiry  in  this  direction,  lead  us  to 
discuss  at  some  length  the  methods  which  have  been  employ- 
eil  by  physioK^ical  chemists  in  quantitative  analyses,  with 
some  of  tlie  results  which  have  alreadv  been  obtained. 


QiMntitatiiy  Analffsis  of  the  Blood. 

TI\o  metlKHls  which  have  been,  and  are  now,  commonly 
omplovivl  for  quantitative  analysis  of  the  blood  vary  very 
Uttlo  fnnu  the  pr^K-ess  recommended  by  Provost  and  Dumas 
in  IS^iK  Thoy  are  biised  upon  the  supposition  that  the 
otVHJiU'  ivnstituents,  fibrin  and  albumen,  are  solid  substances 
in  i4\4utiou  in  the  watery  elements,  and  that  all  the  water  of 
tUo  bUnnl  is  to  Ih>  attributed  to  the  serum.  As  we  have  shown 
iu  tivatii^iT  of  orpiuic  sulx^tances  that  this  view  of  their  con- 
dvtuu\  iu  the  tluids  is  erroneous^  and  that  the  desiccated  ma- 
IoHhIh  obljuuixl  tKmi  the  blood  do  not  represent  the  real 
viWi^utilios  of  its  orgjuno  elements,  a  new  method  of  analysis, 
Ivi^M^l  v»u  tl\o  view  that  these  principles  are  naturally  fluid, 
wvu\!*  uiHVssi^rv.  The  same  process  has  been  employed  for 
ibo  i>4tiu\utiou  of  the  prv^ivrtion  of  cH>q>uscles.  Here  the 
^sii\^r  U  too  uiJUUtWt  to  reiiuire  discussion.  It  is  evident  that 
tUo  IvUhuI  iH»rpusolos  are  semi-solid  l>idies  which  become 
I^U\^^\sl  t^v  di>^vivatiou ;  and  an  estimate  which  does  not  give 
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their  weight  in  their  natural  moist  condition,  gives  ns  no  idea 
of  their  real  proportion.  So  apparent  has  this  been  to  phy- 
siological chemists,  that  attempts  have  been  made  by  Denis, 
Schmidt,  Vierordt,  Figuier,  and  others  to  estimate  the  moist 
corpuscles;  but  in  attempting  to  attain  extreme  accuracy, 
these  observers  have  almost  entirely  failed,  and  their  ideas  of 
the  real  proportion  of  the  corpuscles  are  merely  conjectural. 
These  remarks  only  apply  to  researches  into  the  organic 
constituents  of  the  blood.  The  analyses  with  reference  to  the 
inorganic  elements,  though  they  have  not  yet  shown  us  the 
exact  proportion  of  each  one  of  them,  are  of  course  accurate 
as  far  as  they  go. 

The  various  processes  for  analysis  of  the  blood  now  em- 
ployed by  chemists  do  not  differ  very  much.  As  one  of  the 
best,  we  may  take  that  recommended  by  Becquerel  and  Eo- 
dier,  who  are  perhaps  as  high  authority  on  this  subject  as 
any.  Their  process,  which  we  give  in  its  essential  particulars, 
has  an  advantage  over  most  others  in  simplicity. 

Two  specimens  of  blood  are  taken  and  carefully  weighed ; 
one  of  them  is  defibrinated,  the  fibrin  collected,  dried,  and 
weighed,  which  gives  the  proportion  of  fibrin.  The  other 
is  set  aside  to  coagulate.  A  known  weight  of  the  defibrinated 
blood  is.  then  evaporated  to  dryness,  and  the  proportion  of 
dry  residue  carefully  estimated.  The  residue  is  then  calci- 
nated to  give  the  proportions  of  inorganic  constituents,  wliich 
remain  after  the  organic  matters  have  become  volatilized. 
After  the  blood  set  aside  to  coagulate  has  separated  into  clot 
and  serum,  a  definite  quantity  of  the  serum  is  evaporated  to 
dryness  and  the  residue  estimated.  As  the  dry  residue  of  the 
defibrinated  blood  contains  the  solid  matters  of  the  serum  -f 
the  dried  corpuscles — ^the  proportion  per  1,000  parts  of  the 
solid  matters  of  the  defibrinated  blood — the  proportion  per 
1,000  parts  of  the  solid  matters  of  the  serum,  would  give  the 
proi)ortion  of  corpuscles. 

TVe  thus  have  obtained  the  proportions  of  water,  of  inor- 
ganic matter,  of  corpuscles,  and  of  fibrin.    The  next  step  is 


132  THE  BLOOD, 

to  estimate  the  albumen,  fatty,  and  extractive  matter.  For 
this  purpose  we  desiccate  a  known  quantity  of  serum,  care- 
fully pulverize  the  dry  residue,  and  treat  it  repeatedly  with 
boiling  water  till  it  has  washed  out  all  soluble  matters. 
These  are  undetermined  extractive  matters,  and  free  salts 
in  solution  in  the  serum.  The  residue,  thus  treated  with 
boiling  water,  is  desiccated  and  treated  several  times  with 
boiling  alcohol,  which  dissolves  all  the  fatty  substances.  Tlie 
insoluble  residue  is  then  dried  and  weighed,  and  represents 
pure  albumen,  which,  it  will  be  remembered,  is  not  affected 
by  boiling  water  or  alcohoL  The  loss  after  treating  with 
boiling  alcohol  gives  the  quantity  of  fatty  matters.  The  pro- 
portions o£  inorganic  matters  are  obtained  by  analysis  of  the 
residue  after  incineration.  It  is  unnecessary  to  describe 
the  complicated  and  difficult  manipulations  involved  in  this 
process.* 

^  The  above  is  condensed  from  Bscquerel  and  Rodtxr,  "  TraiU  de  Chimie 
Pathologiqw  appliqtiee  d  la  MSdecine  Fratiquej"  Paris,  1854,  page  21  «<  seq.  As 
the  result  of  analyses  of  the  blood  of  twenty-two  healthy  persons,  they  give  the 
following  tabic,  page  86.  The  list  of  inorganic  salts  is  taken  from  pages  65,  66, 
and  67. 

Deitsitt  of  the  Blood 1060 

ooMPoemox. 

Water .^ 7S1-60O 

Globules .' 185-000 

Albumen 70*000 

Jlbrin 2-600 

Serollno 0-025 

Cholestcrine 0-126 

Oleatc,  margarate,  and  stearate  of  soda 1'400 

Chlorides  of  sodium,  potassium^  and  magnesium 8*500 

Carbonate  of  soda 

Free  soda 

Sulphate  of  soda 

Phosphate  of  soda 

Carbonate  of  potassa 

Sulphate  "         .... 

Phosphate         "         

Sulphate  of  ma^esla 

Phosphate  of  lime » 

Phosphate  of  magnesia  . .  J" 

Iron 0-fioO 

Undetermined  extractive  matters 2^60 


(Carbonate  of  soda  most  abundant)  ....        2'ZOO 


0860 


1,000*000 
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The  above  process  is  perhaps  as  simple  and  reliable  as 
any ;  but  of  coarse  each  chemist  has  some  slight  modifica- 
tions.   By  some  the  globules  are  estimated  by  drying  the  clot 
after  coagulation  and  deducting  the  weight 'of  the  fibrin. 
Some  recommend  to  expose  the  fibrin  after  desiccation  to  in- 
cineration, and  deduct  the  weight  of  the  residue  of  inorganic 
matter.    All  of  the  processes,  however,  are  materially  the 
same,  and  differ  but  little  from  that  employed  by  Provost  and 
Dumas.    As  before  remarked,  the  residts,  as  regards  the  fatty 
and  inorganic  constituents  of  the  blood,  are  as  accurate  as 
possible  with  our  present  means  of  investigation ;  and  the 
comparative  results,  in  analyses  of  the  blood  for  fibrin,  albu- 
men, and  corpuscles  in  health  and  disease,  which  have  crowned 
ihe  labors  of  Andral  and  Gavarret,  Becquerel  and  Kodier, 
and  a  number  of  others,  are  of  permanent  value.    But  a 
glance  at  the  process,  and  the  quantities  given  for  the  fibrin, 
albumen,  and  corpuscles,  indicate  that  the  whole  is  inconsist- 
ent with  our  ideas  of  the  condition  imder  which  these  sub- 
Rtances  exist  in  the  body.    Microscopic  examination  shows 
tliat  at  least  one-half  the  mass  of  the  blood  consists  of  cor- 
puscles, while  analysis  gives  only  135  parts  per  1,000.     The 
fibrin  of  the  blood  is  sufficient  to  entangle,  as  it  coagulates, 
all  the  corpuscles,  and  with  them  form  the  clot ;  yet  we  are 
told  that  its  proportion  is  2*5  parts  per  1,000.     We  boil  the 
serum,  the  albumen  changes  firom  a  fluid  to  a  semi-solid  con- 
dition, and  the  whole  mass  is  solidified ;  yet  the  estimate  of 
its  proportion  is  70  parts  per  1,000.     The  fact  is  that  these 
estimates  give  us  only  the  dry  residue  of  the  organic  princi- 
ples ;  and  to  form  an  idea  of  their  actual  proportion,  we  should 
estimate  them,  if  possible,  with  their  water  of  composition, 
and  united  with  the  inorganic  salts,  which  cannot  be  separated 
from  them  without  incineration  and  consequent  destruction. 
With  this  end  in  view,  and  forwant  of  a  better  process,  we 
^^J  employ  the  following  mode  of  analysis,  which  is  easy  of 
application,  and  sufficiently  accurate  for  all  practical  purposes.* 

'  See  an  article  by  the  author,  on  TTie  Organic  Nitrogenized  Principles  of  the 
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The  blood  to  be  analyzed  is  taken  from  the  arm,  and  re- 
ceived into  two  carefully  weighed  vessels.  The  quantity  in 
each  vessel  may  be  from  two  to  four  ounces.  One  of  the 
specimens  is  immediately  whipped  with  a  small  bundle  of 
broom-com,  previously  moistened  and  weighed,  so  as  to  col- 
lect the  fibrin ;  and  after  the  fibrin  is  completely  coagulated, 
the  whole  is  careftilly  weighed,  deducting  the  weights  of  the 
vessel  and  broom-corn,  which  gives  the  weight  of  the  specimen 
of  blood  used.     The  other  specimen  is  set  aside  to  coagulate. 

The  first  specimen  is  used  in  the  estimation  of  the  fibrin 
and  corpuscles ;  the  second  is  set  aside  to  coagulate,  and  is 
used  to  estimate  the  albumen.  It  is  important  to  cover  the 
vessels  as  feoon  as  the  blood  is  drawn,  for,  as  has  been  demon- 
strated by  Becquerel  and  Eodier,  blood  exposed  to  the  air 
loses  weight  rapidly  by  evaporation.* 

We  now  pass  the  first  specimen  of  blood  through  a  fine 
sieve  to  collect  any  fibrin  that  may  not  have  become  attached 
to  the  wisp,  strip  the  fibrin  from  the  wisp,  and  wash  it  under 
a  stream  of  water.  This  may  be  done  very  rapidly  if  we 
cause  the  water  to  flow  through  a  small  strainer,  by  which  it 
is  broken  up  into  a  number  of  little  streams,  and  knead  the 
fibrin  with  the  fingere,  doing  this  over  a  sieve  so  as  to  catch 
any  particles  that  may  become  detached.  In  this  way  it 
may  be  freed  from  the  corpuscles  in  five  or  ten  minutes.  The 
fibrin  is  then  freed  from  most  of  the  adherent  moisture  by 
bibulous  paper,  and  weighed  as  soon  as  possible.  By  the 
following  formula  we  estimate  the  proportion  per  1,000  parts 
of  blood : 

Weight  of  blood  used  :  Weight  of  fibrin  :  :  1,000  :  Fi- 
brin per  1,000. 

The  next  step  is  to  estimate  the  corpuscles.  For  this  pur- 
pose a  portion  of  the  detibrinated  blood,  which  is  carefully 

Body^  with  a  New  Method  for  their  Estimation  in  the  Bloody  American  Journal 
of  the  Medical  Sciences,  October,  1863. 
»  Op.  cit.,  p.  31. 
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weighed,  is  mixed  witli  twice  its  volume  of  a  saturated  solu- 
tion of  sulphate  of  soda,  anithrown  upon  a  filter  wliieh  has 
been  caretully  weighed  and  moistened  with  distilled  water, 
and  also,  just  before  receiving  the  mixture  of  blood  and 
sulphate  of  soda,  with  the  saline  solution.     The  fluid  which 
passes  through  should  be  about  the  color  of  the  serum ;  if  a 
Ifew  corpusles  pass  at  first,  the  liquid  should  be  poured  back 
nntil  it  becomes  clear.     The  funnel  is  then  covered,  and  the 
fluid  allowed  to  separate,  the  blood-corpuscles  being  retained 
on  the  filter.     The  filter  and  funnel  are  then  plunged  several 
times  into  a  vessel  of  boiling  water,  by  which  all  the  sulphate 
of  Boda  which  remains  is  washed  out,  and  the  corpuscles  are 
coagulated  without  changing  in  weight.     The  funnel  should 
be  again  cavered  and  the  water  allowed  to  drip  from  the 
filter,  after  which  it  is  weighed,  deducting  the  weiglit  of  the 
moist  filter  previously  obtained,  which  gives  us  the  weight 
of  the  corpuscles.     TVe  obtain  tlie  proportion  of  corpuscles 
to  1,000  parts  of  blood  by  the  following  formula : 

Defibrinated    blood   used  :  Corpuscles  :  :  Defibrinated 
blood  per  1,000  :  Corpuscles  per  1,000. 

The  next  step  is  to  estimate  the  quantity  of  albumen  in 
the  serum,  and  thence  its  proportion  in  the  blood.     For  this 
purpose  we  first  ascertain  the  quantity  of  serum  in  1,000 
parts  of  blood,  which  is  done  by  subtracting  the  sum  of  the 
fibrin  and  corpuscles  per  1,000  from  1,000.    Having  done  this, 
and  waited  ten  or  twelve  hours  for  specimen  Ko.  2  to  sepa- 
rate completely  into  clot  and  serum,  we  take  a  small  (juan- 
tity  of  the  serum,  about  half  an  ounce,  weigh  it  carefully, 
and  add  suddenly  twice  its  volume  of  absolute  alcohol.     The 
dbumen  will  be  thrown  down  in  a  grumous  mass,  and  the 
whole  is  thrown  upon  a  filter,  which  has  been  previously 
moistened  with  alcohol  and  weighed.     The  funnel  is  imme- 
diately covered,  and  the  fluid  separates  from  the  albumen 
very  rapidly.     We  ascertain  that  no  fluid  albumen  passes 
through  the  filter  by  testing  the  fluid  with  nitric  acid.     After 
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the  filter  has  ceased  to  drip,  it  is  weighed,  and  the  weight  of 
the  albumen  ascertained  by  deducting  the  weight  of  the  filter. 
The  proportion  of  albumen  to  1,000  parts  of  blood  is  obtained 
by  the  following  formula : 

Serum  used  :  Albumen  :  :  Serum  per  1,000  :  Albumen 
per  1,000. 

Tlie  above  process,  which  haa  been  described  in  detail  in 
the  hope  that  it  may  be  employed  by  others  in  analysis  of 
the  blood  for  its  organic  constituents,  has  at  least  the  advan- 
tage of  simplicity  and  facility  of  application.  As  regards 
accuracy,  having  repeatedly  made  analyses  of  different  por- 
tions of  the  same  fluid  with  almost  identical  results,  it  has 
seemed  suificiently  exact  for  all  practical  purposes.  As  an 
example  we  may  mention  an  analysis  of  two  equal  portions  of 
dcfibrinated  blood  (34*20  grammes)  for  corpuscles ;  one  speci- 
men gave  16'40,  and  the  other  16*43  grammes.  This  part  of  the 
process  would  seem  more  open  to  the  objection  of  inaccuracy 
than  any,  yet  the  difference  of  the  result  in  the  two  analyses  is 
so  slight  that  it  may  be  disregarded.  Repeated  examinations 
of  different  specimens  of  the  same  seinim  for  albumen  were 
followed  by  identical  results.*  While  the  exceeding  accu- 
racy which  is  desired  by  chemists,  and  is  necessary  in  many 
analyses,  is  not  attainable  in  such  examinations  as  these,  it  is 
not  even  desirable ;  for  as  physiologists  we  must  see  that 
even  an  approximation  of  the  proportions  of  the  organic 
matters,  as  they  really  exist,  is  better  than  the  most  accu- 
rate estimate  of  their  dry  residue.  In  taking  the  weights, 
the  only  point  is  to  do  it  rapidly  and  avoid  loss  by  evapo- 
ration. If  this  be  borne  in  mind,  and  care  be  taken  in  differ- 
ent examinations  to  weigh  the  principles  at  the  same  stage 
of  the  operation,  the  simplicity  of  the  process  should  make  it 
valuable  in  comparative  analyses  of  the  blood  in  different 
conditions  of  the  system. 

In   estimating    the  proportion  of  fibrin,   the  ordinary 

*  American  Journal  of  the  Medical  Sciences^  loc.  ciU 
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method  is  followed,  with  the  exception  that  the  weight  of  the 
moist  fibrin  is  taken  instead  of  the  dry  residue. 

In  estimating  the  corpuscles,  after  a  number  of  trials,  the 
process  recommended  by  Figliier  was  adopted,  with  a  similar 
modification.  Figuier  dried  the  corpuscles  atTter  separating 
them  firom  the  serum  by  filtration,  taking  advantage  of  the 
property  of  sulphate  of  soda,  which  retains  them  on  the  filter. 
Ho  employed  this  method  to  separate  the  corpuscles  com- 
pletely, and  investigate  tlieir  chemical  constitution.* 

In  estimating  tlie  albumen,  the  object  was,  as  in  the  case 
of  the  other  principles,  to  obtain  it  as  nearly  as  possible  in  its 
natural  condition,  simply  changing  its  form  from  fluid  to 
semi-solid,  without  adding  any  thing  which  would  decompose 
it,  or  unite  with  it.  For  this  purpose  absolute  alcohol  seemed 
better  than  heat,  nitric  acid,  the  galvanic  current,  or  any  other 
agents  by  which  it  is  coagulated. 

If  the  different  organic  principles  be  incinerated,  the  ash 
will  present  the  characteristic  reactions  of  the  chlorides,  sul- 
phates, phosphates,  etc.,  inorganic  principles,  which,  as  we 
have  already  seen,  cannot  be  separated  from  the  organic  con- 
stituents of  the  body  without  destruction  of  the  latter. 

The  blood  of  a  healthy  male,  aet.  27  years,  weight  170 
pounds,  who  had  never  suffered  from  disease,  taken  from  the 
ami  at  1  p.  m.,  the  last  meal  having  been  taken  at  S  a.  m., 
famished  the  proportions  of  organic  constituents  given  in  the 
following  table.  To  complete  the  table,  the  proportions  of 
morganic  principles,  fats,  etc.,  were  taken  from  the  analyses 
of  Becqnerel  andRodier,  to  which  reference  lias  already  been 
made.  The  proportion  of  water  is  estimated  by  subtracting 
the  sum  of  the  solid  and  serai-solid  constituents  from  the 
entire  weight  of  the  blood.' 

*  Sur  une  Jfethode  nouvelle  pour  V Analyse  dn  Snug^  et  sitr  la  Constitution 
^mju«  de$  Olobnlet  sanguins.  Par  M.  L.  Figuier.  (Ann.  de  Chirn.  et  de  Fhi/s.^ 
18U,  3»»  serie,  tome  xl,  p.  606.) 

'  Further  details  of  experiments  on  this  subject  are  contained  in  the  article,  to 
^bich  reference  has  been  made,  in  the  •*  American  Joumal,"  October,  1 863. 
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Com/position  of  ths  Bloods 

Water 154-870 

Corpuscles 496-590 

Albumen 829*820 

Fibrin 8820 

Serolme(y) 0026 

Cholesterine 0-125 

Oleatc,  margorate,  and  stearute  of  soda 1*400 

Chloride  of  sodium,  )  8*500 

"         potassium  (a  trace),  f 

Carbonate  of  soda.. .. . 

Free  soda. 

Sulphate  of  soda 

Pho^)phatc  of  soda. .... 
Carbonate  of  potassa . . . 
Sulphate  of  potassa .... 
Phosphate  of  potassa.. 
Sulphate  of  magnesia . .  ^ 

Phosphate  of  lime ' 

Phosphate  of  magnesia.  C 

Iron 0*560 

Undetermined  extractive  matters 2*450 


(Carbonate  of  Boda  most  abundant) 2*500 


0-850 


1,000-000 

Tliere  exist  in  the  blood  certain  well-determined  principles 
not  given  in  the  above  table,  some  of  which  have  great  physio- 
logical importance ;  and  it  is  to  be  expected  that  further 
investigations  will  reveal  others,  among  what  are  now  called 
extractive  matters,  an  acquaintance  with  which  will  mate- 
rially advance  our  pathological,  as  well  as  our  physiological 
knowledge  of  this  fluid.  The  developments  of  the  last  few 
years  with  regard  to  urea  and  cholesterine  lead  us  to  look 
for  the  discovery  of  new  principles,  variations  from  the  nor- 
mal ])roportions  of  which  will,  perhaps,  be  found  to  constitute 
important  pathological  conditions.  In  both  a  physiological 
and  j)athological  point  of  view,  there  is  much  to  be  done  in 
this  line  of  investigation. 

Aside  from  the  gases,  we  are  now  acquainted  with  the 

*  For  purposes  of  comparison,  the  fibrin,  albumen,  and  corpuscles  were  desic- 
cate and  weighed,  giving  the  following  proportions  of  dry  residue : 
Fibrin,  250  parts  per  1,000  of  fresh  blood. 

Albumen,       Tl'SS        do.  do. 

Corpuscles,  125-00        do.  do. 
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following  additional  principles  in  the  blood,  which  are  either 
constant  or  temporary  constituents :  Sugar,  Fatty  Emulsion,  a 
Coloring  Matter  peculiar  to  the  serum,  Urea,  Uric  Acid  in 
combination,  Cholesterine,  Creatine,  and  Creatinine. 

Sugar. — Bernard '  showed  in  1848  that  sugar  always  exists 
in  the  blood  of  the  hepatic  veins  and  the  right  side  of  the 
heart.  It  is  manufactured  by  the  liver,  and  disappears  in  the 
longs.  When  its  production  is  most  active,  as  in  full  diges- 
tion, it  may  exist  in  small  quantity  in  the  arterial  blood. 
Ordinarily  it  is  only  to  be  found  in  the  blood  between  the 
liver  and  the  lungs,  except  when  it  exists  in  the  blood  of  the 
portal  vein,  after  the  ingestion  of  saccharine  or  starchy 
matters. 

Fatty  EmuUion. — After  a  full  meal  with  an  abundance 
of  &t,  the  blood  contains  a  considerable  proportion  of  fatty 
emulsion.  Bernard'  has  shown,  also,  that  the  blood  of  the 
hepatic  veins  contains  an  emulsive  substance  which  is 
formed  by  the  liver.  We  have  already  seen  that  the  blood 
ooipuscles  contain  a  certain  proportion  of  fatty  matter  in  a 
state  of  molecular  union  with  the  organic  nitrogenized  prin- 
ciples. 

Coloring  Matter  of  tJie  Serum. — The  serum  has  a  yellowish 
color,  more  or  less  intense,  which  is  dependent  upon  a  pecu- 
liar coloring  matter.  This  has  never  been  isolated,  but  is 
thought  by  some  to  be  identical  with  the  coloring  matter  of 
the  bile,*  a  supposition,  however,  which  does  not  seem  very 
probable. 

*  Reehercheg  aur  une  Nouvelle  Fondion  du  Foie  cotmdere  comme  Organe 
^U(teur  de  Matihre  Sucree  chez  VUomme  d  les  Animaux.  These.  Paris, 
1853. 

'  See  page  64. 

'  Becqcxrel  and  Rodier,  Recherches  sur  la  Composition  du  San/y  dans 
f^  de  8anU  d  dana  Vitat  de  Maladie,  Paris,  1844. 
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Urea  and  the  Urates. — In  1823  Provost  and  Dumas* 
discovered  urea  in  the  blood  of  animals  from  which  the 
kidneys  had  been  removed ;  which  was  the  first  experimental 
demonstration  that  this  principle  is  formed  in  the  system  and 
eliminated  by,  not  manufactured  in,  the  kidneys.  It  was 
demonstrated  in  healthy  blood  by  Marchand,'  in  183g,  and 
since  then  has  been  recognized  as  one  of  its  normal  constit- 
uents, though  existing  in  very  minute  quantity.  These 
observations  have  been  confirmed  by  numerous  French,  Ger- 
man, and  English  physiologists.  The  urate  of  soda  also  exists 
in  small  quantity  in  the  blood,  and  possibly  the  hippurate  of 
soda.  The  reason  why  the  proportion  of  these  principles  is 
so  small,  is  that  they  are  eliminated  by  the  proper  organs  as 
soon  as  formed. 

Cholesterine. — This  substance  was  demonstrated  in  the 
blood  by  Denis  in  1830.'  It  is  now  known  to  exist  in  this 
fluid  in  considerable  quantity.  It  is  most  abundant  in  the 
blood  coming  from  the  nervous  centres,  where  it  is  produced 
in  great  part,  and  is  diminished  in  the  passage  of  the  blood 
through  the  liver.* 

A  substance  was  described  by  Boudet  in  1833,  in  the 
blood,  which  he  called  Seroline.  Its  existence  in  the  blood 
is  problematical.* 

Creathie  and  Creatinine. — Yerdeil  and  Marcet  have  de- 
monstrated the  presence  of  these  substances  in  the  blood.* 
Their  proportion  is  very  small,  and  has  not  been  determined. 
They  undoubtedly  have  the  same  relation  to  the  system  as 
urea  and  cholesterine. 

*  AnnaUs  de  Chimie  et  de  Physique^  1821,  tome  xviii.,  p.  280. 

'  Annales  drs  Sciences  JSi'atvrelleSy  1838,  2mc  serie,  tome  x.,  p.  46. 
'  Robin  and  Verde il,  op.  cit.^  tome  iL,  page  63. 

*  See  an  article  by  the  author  on  a  New  Excretory  Function  of  the  Liver ^ 
•  American  Jotirnal  of  tlie  Medical  ScienccSy  October,  1862. 

*  Ibid. 

*  KoBiN  and  Verdul,  Chimie  Anatomique^  tome  ii.,  pp.  480  and  489 
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A  consideration  of  abnormal  or  accidental  constituents  of 
the  blood,  such  as  poisonous  or  medicinal  substances,  does 
not  belong  to  its  physiological  history.  It  is  hardly  necessary 
to  mention  certain  substances,  the  existence  of  which  is 
doubtful,  such  as  lactic  acid,  copper,  magnesia,  etc. 


CHAPTEE  in. 

COAGULATION  OF  THE  BLOOD. 

General  considerations — Characters  of  the  clot — Characters  of  the  serom — Coagu- 
lating principle  in  the  blood — Circumstances  which  modify  coagulation — Co- 
agulation of  the  blood  in  the  organism-r-Spontaneous  arrest  of  hemorrhage — 
Cause  of  coagulation  of  the  blood — Summary  of  the  properties  and  functions 
of  the  blood. 

The  remarkable  property  in  the  blood  of  spontaneous 
coagulation  has  been  commonly  recognized  as  far  back  as 
we  can  look  into  the  history  of  physiology ;  and  since  the  * 
immortal  discovery  of  Harvey,  which  naturally  gave  an  im- 
pulse to  investigations  into  the  properties  of  the  circulating 
fluid,  there  have  been  few  subjects  connected  with  the  physi- 
ology of  the  blood  which  have  excited  more  universal  interest. 
At  first,  the  ideas  with  regard  to  the  cause  of  this  phenom- 
enon were  entirely  speculative.  The  first  definite  experi- 
ments on  record  were  performed  by  Malpighi  and  published 
in  1666.  He  was  followed  by  Borelli,  Kuysch,  and  a  host  of 
others  who  hold  conspicuous  places  in  the  history  of  our- 
science ;  among  whom  may  be  mentioned  Hunter,  Hewson, 
Miiller,  Thackrah,  J.  Davy,  Magendie,  Nasse,  and  Dumas. 
Wliile  much  labor  has  been  expended  on  this  subject,  the  final 
cause  of  coagulation  cannot  even  now  be  said  to  be  settled 
beyond  question. 

The  blood  retains  its  fluidity  while  it  remains  in  the 
vessels,  and  circulation  is  not  interfered  with.   It  is  then  com- 
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posed,  as  we  have  seen,  of  clear  plasma,  holding  corpuscles  in 
suspension  ;  but  these  little  bodies  do  not  differ  much  from 
the  plasma,  either  in-  consistence  or  specific  gravity,  and  give 
to  the  fluid  only  a  slight  degree  of  viscidity.  Shortly  after 
the  circulation  is  interrupted,  or  ^fter  blood  is  drawn  from 
the  vessels,  it  coagulates  or  "  sets"  into  a  jelly-like  mass.  In 
a  few  hours  we  find  that  contraction  has  taken  place,  and  a 
clear,  straw-colored  fluid  has  been  expressed,  the  blood  thus 
separating  into  a  solid  portion,  the  erassamentum  or  clot^  and 
a  liquid,  which  is  call^  serum.  The  serum  contains  all  the 
elements  of  the  blood  except  the  red  corpuscles  and  fibrin, 
which  together  form  the  clot.  Coagulation  takes  place  in 
the  blood  of  all  animals,  commencing  a  variable  time  after 
its  removal  from  the  vessels.  In  the  human  subject,  accord- 
ing to  Nasse,*  when  the  blood  is  received  into  a  moderately 
deep,  smooth  vessel,  the  phenomena  of  coagulation  present 
themselves  in  the  following  order : 

First,  a  "gelatinous  pellicle  forms  on  the  surface,  which 
occurB  in  from  1  minute  and  45  seconds  to  6  minutes; 
in  from  2  to  7  minutes  a  gelatinous  layer  has  formed 
on  the  sides  of  the  vessel ;  the  whole  mass  becomes  of 
a  jelly-like  consistence  in  from  7  to  16  minutes.  Contrac- 
tion then  begins,  and  if  we  watch  the  surface  of  the  clot  we 
will  see  little  drops  of  clear  serum  making  their  appearance. 
This  fluid  increases  in  quantity,  and  in  from  10  to  12  hours 
separation  is  complete.  The  clot,  which  is  heavier,  sinks  to 
the  bottom  of  the  vessel,  unless  it  contain  bubbles  of  gas,  or 
the  surface  be  very  concave.  In  most  of  the  warm-blooded 
animals  the  blood  coagulates  more  rapidly  than  in  man.  It 
is  particularly  rapid  in  the  class  of  birds,  in  some  of  which 
it  takes  place  almost  instantaneously.  Observations  have 
shown  that  coagulation  is  more  rapid  in  arterial  than  in 
venous  blood.  In  the  former  the  proportion  of  fibrin  is 
notably  greater. 

'  Mxlxs-Edwabds,  Lefom  $ur  la  Phytiohffie^  etc.,  tome  i.,  p.  126. 
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The  relative  proportions  of  the  serum  and  clot  are  very 
variable,  unless  we  include  in  our  estimate  of  the  serum  that 
portion  which  is  retained  between  the  meshes  of  the  clot.' 
As  tlie  clot  is  composed  of  corpuscles  and  fibrin,  and  as  these 
in  their  moist  state  represent  in  general  terms  about  one-half 
of  the  blood  (see  table,  page  138),  it  may  bo  stated  that  after 
coagulation,  the  actual  proportions  of  the  clot  and  serum 
are  about  equal.  If  wo  take  simply  the  serum  which 
separates  spontaneously,  we  have  a  large  quantity  when 
the  clot  is  densely  contracted,  and  a  very  small  quantity  when 
it  is  loose  and  soft.* 

Chnracters  of  the  Clot. — On  removing  the  clot,  after  the 
separation  of  the  serum  is  complete,  it  presents  a  gelatinous 
consistence,  and  is  more  or  le&  firm,  according  to  the  degree 
of  contraction  which  has  taken  place.  As  a  general  role, 
when  coagulation  has  been  rapid,  the  clot  is  soft  and  but 
slightly  contracted.  When,  on  the  other  hand,  coagulation 
has  been  slow,  it  contracts  for  a  long  time,  and  is  much 
denser.  When  coagulation  is  slow,  the  clot  frequently  pre- 
sents what  is  known  as  the  cupped  appearance,  having  a  con- 
cave surface,  a  phenomenon  which  merely  depends  on  the 
extent  of  its  contraction.     It  also  presents  a  marked  dijffer- 

*  It  id  estimated  by  Milne-Edwards  that  the  clot  retains,  in  most  instanceB, 
one-fifth  of  the  entire  volume  of  serum.  Legont  aur  la  Fht/aioloffie,  etc,  tome  L, 
p.  124. 

^  According  to  Thackrah  the  following  are  the  periods  required  for  the  coagu- 
lation of  the  blood  in  some  of  the  inferior  animals : 

Horse,  Blood  coagulates  in  from  5  to  13  minutes. 
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ence  in  color  at  its  superior  portion.     The  blood  having  re- 
mained fluid  for  some  time,  the  red  eorpnscles  settle,  by  virtue 
of  their  greater  weight,  leaving  a  colorless  layer  on  the  top. 
This  is  the  buflfy  coat  so  frequently  spoken  of  by  authors. 
The  boflTed  and  cupped  appearance  of  the  clot  has  been  sup- 
posed to  indicate  an  inflammatory  condition  of  the  circulating 
fluid;  inasmuch  as  the  quantity  of  fibrin  is  generally  in- 
oreased  in  inflammation,  and  the  greater  the  quantity  of 
fibrin  the  more  rapid  is  the  gravitation  of  the  red  corpuscles. 
Though  this  frequently  presents  itself  in  the  blood  drawn  in 
inflammations,  it  is  by  no  means  pathognomonic  of  this  con- 
dition, and  is  liable  to  occur  whenever  coagulation  is  slow,  or 
retarded  by  artificial  means.    It  is  always  present  in  the 
blood  of  the  horse.     Examined  microscopically,  the  buify 
coat  presents  fibrils  of  coagulated  fibrin  with  some  of  the 
white  corpuscles  of  the  blood.     On  removing  a  clot  of  ve- 
DOUB  blood  from  the  serum,  the  upper  surface  is  florid  from 
contact  with  the  air,  while  the  rest  of  it  is  dark ;  and  on 
making  a  section,  if  the  coagulation  has  not  been  too  rapid, 
the  gravitation  of  the  red  corpuscles  is  apparent.     The  sec- 
tion, which  is  at  first  almost  black,  soon  becomes  red  from 
contact  with  the  atmosphere.     The  clot  from  arterial  blood 
has  a  dark-red  color.     If  the  clot  be  cut  into  small  pieces,  it 
wDl  undergo  further  contraction,  and  express  a  part  of  the 
contained  serum.     If  the  clot  be  washed  under  a  stream  of 
water,  at  the  same  time  kneading  it  with  the  fingers,  we  may 
remove  almost  all  the  red  corpuscles,  leaving  the  meshes  of 
fibrin,  which,  on  microscopic  examination,  will  present  the 
fibrillated  appearance  to  which   we  have   already  referred. 
This  is  a  method  sometimes  employed  for  the  extraction  of 
the  fibrin.     It  was  in  this  way  that  fibrin  was  isolated  by 
Malpighi ;  who  made  the  first  experiments  which  rendered 
it  probable  that  coagulation  of  the  blood  depended  upon  this 
principle.    In   a  few  days,  as  the  result  of  putrefaction,  the 
<^lot  softens,  mixes  with  the  serum,  and  the  blood  regains  its 

10 
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Characters  ofth^  Serum. — After  coagulation,  if  the  Beruin 
be  carefully  removed,  it  is  found  to  be  a  fluid  of  a  color 
varying  from  a  light  amber  to  quite  a  deep,  but  clear,  red. 
This  depends  upon  a  peculiar  coloring  matter,  distinct  from 
heraatine,  but  which  has  never  been  isolated.  Tlie  specific 
gravity  of  the  serum  is  somewhat  less  than  that  of  the  entire 
mass  of  blood ;  being,  according  to  Becquerel  and  Rodier, 
about  1,028/  It  contains  all  the  principles  found  in  the 
plasma,  or  liquor  sanguinis,  with  the  exception  of  the  fibrin. 
It  can  hardly  be  called  a  physiological  fluid,  as  it  is  formed 
only  after  coagulation  of  the  blood,  and  never  exists  isolated 
in  the  body.  The  effusions  which  are  commonly  called 
serum,  though  they  resemble  this  fluid  in  some  particulars, 
are  not  identical  with  it,  being  formed  by  a  process  of  transu- 
dation rather  than  separation  of  the  blood,  as  in  coagulation. 
We  have  already  seen  that,  in  the  body,  flbrin  and  albumen 
are  in  combination,  and  that  the  organic  principle  of  the 
serum  (albumen)  when  injected  into  the  vessels  of  a  living 
animal  does  not  become  assimilated,  but  is  rejected  by  the 
kidneys.  The  serum  must  not,  therefore,  be  confounded  with 
the  plasma  or  liquor  sa^iguims^  wliich  is  the  natural  clear 
portion  of  the  blood. 

Coagulating  Principle  in  the  Blood. — Acquainted,  as 
we  are,  with  the  properties  of  fibrin,  it  is  evident  that  this 
principle  is  the  agent  which  produces  coagulation  of  the  blood. 
In  fact,  whatever  coagulates  spontaneously  is  called  fibrin, 
and  whatever  requires  some  agent  to  produce  this  change  of 
consistence  is  called  by  another  name.  But  before  the  prop- 
erties of  fibrin  were  fully  understood,  the  question  of  the 
coagulating  principle  was  a  matter  of  much  discussion.' 
Malpighi  was  probably  the  first  to  isolate  this  principle; 

*  Op.  cit,  p.  86. 

'  An  admirable  historicul  review  of  the  theories  and  discoveries  relating  to 
the  properties  of  fibrin  and  the  coagulatioD  of  the  blood  is  to  be  found  in  Mr. 
Gulliver's  introduction  to  the  Sydenham  edition  of  the  works  of  William  Hcwsod 
London,  1846,  p.  25  ei  seq. 
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which  he  did  by  washing  the  clot  in  a  stream  of  water,  which 
removed  the  corpuscles  and  left  a  whitish  fibrous  network. 
His  experiments  are  set  forth  in  an  article  in  which  he  at- 
tempted to  show  that  the  so-called  polypi  of  the  heart  were 
formed  of  fibrin,  though  it  was  not  then  called  by  that  name. 
These  observations  were  soon  confirmed  by  others,  and  finally 
Ruysch  extracted  fibrin  from  his  own  blood  and  the  blood 
of  the  pig  by  whipping  with  a  bundle  of  twigs,  and  thereby 
prevented  its  coagulation.    This  is  the  method  now  most  com- 
monly employed  for  the  separation  of  fibrin.  It  then  became  a 
question  whether  this  substance  existed  as  a  fluid  in  tlie  liquor 
sanguinis,  or  was  furnished  by  the  corpuscles  after  the  re- 
moval of  blood  from  the  vessels.     This  was  decided  by  Ilew- 
Bon,  whose  simple  and  conclusive  experiments,  published  in 
1771,  leave  no  doubt  that  coagulation  of  the  blood  is  due  to 
fibrin,  and  that  this  principle  is  entirely  distinct  from,  and 
independent  of,  the  corpuscles.    This  observer,  taking  advan- 
tage of  the  property  possessed  by  certain  saline  substances  of 
preventing  the  coagulatioQ  of  the  blood,  was  the  first  to  sepa- 
rate the  liquor  sanguinis  from  the  corpuscles.     He  mixed 
fi-esh  blood  with  a  little  sulphate  of  soda,  whicli  prevented 
coagulation,  and  after  the  mixture  had  been  allowed  to  stand 
for  a  time,  the  corpuscles  gravitated  to  the  bottom  of  the  ves- 
sel   The  clear  fiuid  was  then  decanted,  and  diluted  with 
twice  its  quantity  of  water,  when  the  fibrin  became  coagu- 
lated.'    Another  experiment  is  still  more  conclusive ;  and  aa 
the  credit  of  having  first  separated  the  corpuscles  from  the 
plasma  and  demonstrated  the  coagulability  of  the  latter  is  by 
aome  ascribed  to  Miiller,  we  will  give  it  in  the  author's  own 
^ords : 

"Immediately  after  killing  a  dog,  I  tied  up  his  juguhir 
^ems  near  the  sternum,  and  hung  his  head  over  the  edge  of 
the  table,  so  that  the  parts  of  the  veins  where  the  ligatures 
^ere  might  be  higher  than  his  head.     I  looked  at  the  veins 

'  The  Works  of  WUliain  Heweon,  F.  R.  S.,  Sydenham  edition,  p.  12. 
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from  time  to  time,  and  observed  tliat  they  liecamc  trtms- 
pcoreiit  ot  their  upper  part^  the  red  particles  euhsiding,  I 
then  umde  a  ligature  upon  one  vein,  so  n&  to  divide  the  trans- 
parent from  the  red  portion  of  the  blood ;  and  opening  the 
vein,  t  let  out  the  transparent  portion,  whieli  was  &tiU  fluid, 
but  coa^ilated  soon  afler.  On  preying  tliia  coagulum,  I 
found  it  contained  a  little  serum.  The  otlior  vein  I  did  not 
open  till  after  the  blood  was  congealed,  and  then  I  fonnd  the 
upper  purtof  the  eoagulum  whitish  like  the  crust  in  pleuritic 
blood.'^ ' 

Notliing  could  more  concluafvely  demonstrate  that  coag- 
ulation of  the  Wood  depends  upon  a  coagulating  principle 
existing  in  the  liquor  gangiiiuie^  than  thla  simple  experiment. 
It  also  beautifully  ilhistrates  the  formation  of  the  buffy-coat 

Tiie  facti  thus  demonRtrated  Ijy  Ilewson  were  coufirmetl 
by  Miiller  in  1832<  He  Buccee^led  in  Bcparating  the  plasma 
from  the  corpuscles  in  the  blood  of  the  frog  by  simple  iiltra- 
tion ;  first  ibluting  it  with  a  saccharine  solution.  The  gre^t 
size  of  the  corpuscles  in  this  animal  prevents  their  pa^^age 
through  a  filter,  and  the  dear  fluid  which  is  thus  separate 
soon  forms  a  colorless  eoagnluui/ 

From  these  observations  it  is  evident  that  the  coagulation 
of  the  blood  is  due  to  the  presence  of  fibrin  in  the  liquor sao- 
gninis.  Coagulation  of  this  principle  first  causes  the  whole 
mass  of  blood  to  assume  a  gelatinous  consistence ;  and  by 
virtue  of  its  contractile  properties  it  soon  expres^sesthe  seram, 
but  the  red  corposcles  ai*e  retained*  One  of  the  causes  wlrich 
operate  to  retain  the  corimscles  in  tlie  clot  is  the  adhesive 
matter  which  covers  their  surface  after  they  <^cape  from  tlm 
vessels,  which  produces  the  arrangeuicnt  in  rows  like  piles 
of  eoin,  which  we  have  already  noted  under  the  head  of 
microscopic  appearances.    This  undoubtedly  pre^ients  tlios^ 


*  The  Works  of  WilHom  Hcwsod,  R  IL  R,  Sydenlmm  edition^  p.  S2_ 

*  J,  Hx/EU-EH,  Manutl  dt  PhifH&loffie^  brad  par  Joiiriiftn,  Paris,  1891,  tonie  i 
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which  are  near  the  surface  from  escaping  from  the  clot  during 
•    its  contraction. 

Circumstances  which  modify  Coaguidtion  out  of  the  Body, 

The  conditions  which  modify  coagulation  of  the  blood 
We  been  closely  studied  by  Hewson,  Davy,  Thackrah,  Robin 
and  Verdeil,  and  others.    They  are,  in  brief,  the  following : 

Blood  flowing  slowly  from  a  small  orifice  is  more  rapidly 
coagulated  than  when  it  flows  in  a  full  stream  from  a  large 
orifice.  If  it  be  received  into  a  shallow  vessel,  it  coagulates 
much  more  rapidly  than  when  received  into  a  deep  vessel. 
If  the  vessel  be  rough,  coagulation  is  more  rapid  than  if  it 
be  smooth  and  polished.  If  the  blood,  as  it  flows,  be  received 
on  a  cloth  or  a  bundle  of  twigs,  it  coagulates  almost  instan- 
taneously. In  short,  it  appears  that  all  circumstances  which 
fevor  exposure  of  the  blood  to  the  air,  hasten  its  coagulation. 
The  blood  will  coagulate  more  rapidly  in  a  vacuum  than  in 
the  air. 

Coagulation  of  the  blood  is  prevented  by  rapid  freezing, 
hut  afterwards  takes  place  when  the  fluid  is  carefully  thaw- 
ei    Between  32°  and  140°  Fahr.,  elevation  of  temperature 
increases  the  rapidity  of  coagulation.*     Experiments   are 
impracticable  above  140°,  as  we  are  then  likely  to  have 
coagulation  of  the  albumen.     According  to  Richardson,  agi- 
tation of  the  blood  in  closed  vessels  retards,  and  in  open 
vessels  hastens  coagulation.' 
Yarious  chemical  substances  retard  or  prevent  coagula- 
I       tiou.    Among  them  we  may  mention :  solutions  of  potash 
and  of  soda ;   carbonate  of  soda ;   carbonate  of  ammonia ; 
carbonate  of  potash ;  ammonia ;  sulphate  of  soda.     In  the 
menstrual  flow  the  blood  is  kept  fluid  by  mixture  with  the 
abundant  secretions  of  the  vaginal  mucous  membrane. 

^RiCHiEDBON,  The  Cauteof  the  CoaffuUUum  of  the  Blood,    Astley  Cooper 
^  Essay  for  1866,  p.  140  et  seq, 
*  Ibid.,  p.  228. 
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greatly  diminished  activity.  It  is  probable  that  a  small 
coagulum  is  first  formed,  from  which  the  corpuscles  are 
washed  away  by  the  current  of  blood;  that  this  becomes 
larger  by  further  depositions,  until  we  have  large  vermicular 
masses  of  fibrin,  attached,  in  some  instances,  to  the  chordae 
tendinesB.  Clots  formed  in  this  way  may  be  distinguished  from 
those  formed  after  death  by  their  whitish  color,  dense  consist- 
ence, and  the  closeness  with  which  they  adhere  to  the  walls 
of  the  heart.  Cases  have  been  reported  by  Richardson  and 
others,  where  concretions  of  tliis  kind  extended  from  the 
cavities  of  the  heart  far  into  the  large  vessels.  It  is  also 
stated  by  Richardson*  that  they  sometimes  become  partly 
oi^anized,  and  connected  with  the  tissue  of  the  heart ;  but 
we  have  seen  that  accidental  deposits  of  a  proximate  prin- 
.ciple,  like  fibrin,  never  become  transformed  into  organized 
structures. 

We  need  only  enumerate  some  of  the  other  circumstances 
under  which  the  blood  coagulates  in  the  vessels,  as  this  sub- 
ject belongs  rather  to  pathology  than  to  physiology.     Coag- 
ulation may  be  said,  in  general  terms,  to  occur  as  a  con- 
dition of  stasis.    When  a  ligature  is  applied  to  an  artery, 
the  vessel  becomes  filled  with  a  coagulum  up  to  the  site  of 
the  first  branch  which  is  given  off,  whatever  be  its  situation. 
In  applying  the  ligature,  the  delicate  inner  coat  is  ruptured, 
and  the  shreds,  which  curl  up  in  the  interior  of  the  vessel, 
Soon  become  covered  with  a  layer  of  coagulated  blood,  which 
^liickens  until  the  whole  vessel  is  filled.     In  cases  in  which 
tfhe  flow  of  blood  becomes  arrested,  or  very  mucli  retarded, 
^L8  in  varicose  veins  of  the  extremities,  the  enlarged  veins  in 
liemorrhoids,  etc.,  these  vessels  may  become  obliterated  by  the 
^wmation  of  a  clot.     In  some  aneurisms,  the  retardation  of 
^le  blood-current  produces  spontaneous  cure  by  the  deposi- 
"tion  of  successive  layers  of  fibrin  next  the  walls  of  the  dilated 
'vessel    A  knowledge  of  this  fact  has  been  made  use  of  in 
tie  treatment  of  aneurism  by  compression  of  the  artery  which 

»  Op.  cii. 
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supplies  it  with  blocxl.  Man j  cases  are  on  record^  where  tlna  j 
has  been  continued  fur  a  nnmber  of  lionrSj  and  a  cnmj 
effected. 

Bodies  jirojecting  into  the  caliber  of  a  blood-veasel  sooi] 
become  ooatetl  with  a  layer  of  fibrin.  Kongh  concretionil 
about  the  orifitres  of  the  heart  frequently  inchiee  the  depo-1 
sition  of  Httle  masses  of  iHirin,  whteh  eonietime^  beetimel 
detachedj  and  are  carried  to  various  paits  of  the  circulatory 
eysteui,  n^  the  lungs  or  brain,  plugging  up  one  or  more  af  the 
smaller  vessels.  These  masses  have  been  called  by  Virchow,  _ 
emboli,  and  have  been  traced  by  him^  in  some  instances,  Irotn^ 
the  heart  to  the  situations  above  mentioned,  Tlw  expcnment 
has  been  made  of  passing  a  thix*ad  through  a  small  artery, 
allowing  it  to  remain  for  a  few  liours,  when  it  is  found 
coated  with  a  layer  of  coagulated  fibrin. 

Blood  generally  coagulates  wlien  it  is  effused  into  the 
areolar  tissue,  or  any  of  the  cavities  of  the  body;  though, 
effiised  into  the  serous  cavities,  the  tunica  vaginahs  for  exaii 
plej  it  lias  l>een  known  to  remain  fluid  for  days  and  even 
weeks,  anrl  cougnkte  as  hen  let  out  by  an  incision.  In  thfl 
Graafian  follicles,  after  tlie  diseliarge  of  the  ovum,  we  gener 
ally  have  the  cavity  filled  with  blood,  which  funns  a  clc 
and  is  slowly  removed  by  the  process  of  absorption. 

Coagulation  thus  takes  place  in  the  veasels  as  the  re&uli 
of  Bta&isj  or  very  great  retardation  of  the  circulation,  an<l  in 
the  tissues  or  cavities  of  the  Ixnly,  whenever  it  is  accidentally 
effused.     In  the  latter  case,  it  is  generally  removed  in  the 
coui'se  of  time  by  absorption.    This  takes  place  in  the  foU 
lowing  way;     Fii^tj  we  have  disappearance  of  the  red  coI| 
puscleB,  or  decoloration  of  the  clot,  and  the  fibrin  is  th€ 
the  only  element  which  remains.     This  becomes  reduce 
irom  a  fibrillated  to  a  granular  condition^  &oilens»  finally  h 
comes  amorphous,  and  is  absorbed;  though  when  the  ^m 
of  the  clot  is  considerable,  tins  may  occupy  weckjs*  and  ev€ 
months,  and  may  never  be  completely  effected,     EtJ'nsed 
this  manner,  the  constituents  of  the  blood  act  as  foreii^ 
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bodies;  the  corpuficles  cease  to  be  organized  anatomical 
elements  capable  of  self-r^eneration,  break  down,  and  are 
absorbed.  The  fibrin  which  remains  undergoes  the  same 
process;  the  stages  through  which  it  passes  being  always 
those  of  decay,  and  not  of  development.  In  other  words,  it 
is  incapable  of  organization. 

Office  of  the   Coagvlatian  of  Hie  Blood  in  Arreting 
Semorrhage. — The  property  of  the  blood  under  consideration 
has  a  most  important  oflBce  in  the  arrest  of  hemorrhage. 
The  effect  of  an  absence  or  great  diminution  of  the  coagu- 
lability of  the  circulating  fluid  is  exemplified  in  instances 
of  what  is  called  tlie  hemorrhagic  diathesis  ;  a  condition  in 
which  slight  wounds  are  apt  to  be  followed  by  alarming, 
and  it  may  be  fatal,  hemorrhage.     This  condition  of  the 
blood  is  not  characterized  by  any  symptoms  excepting  the 
obstinate  flow  of  blood  from  slight  wounds,  and  may  con- 
tinue for  years.     In  a  case  which  came  imder  the  observation 
of  the  author  a  few  years  since,  excision  of  the  tonsils  was 
followed  by  bleeding,  which  continued  for  several  days,  and 
^waa  arrested  with    great  difiiculty.      On    inquiry  it  was 
ascertained  that  the  patient,  a   young  man   about  twenty 
years  of  age,  in  other  respects  perfectly  healthy,  had  been 
subject  from  early  life  to  persistent  hemorrhage  from  slight 
"Wounds.    In  reviewing  the  functions  of  fibrin,  we  find  that 
apparently  its  most  important  oflice  is  in  the  arrest  of  hem- 
orrhage.   The  degree  of  coagulability  of  the  blood  depends 
on  the  quantity  of  fibrin,  but  its  proportion  has  not  been 
shown  to  bear  any  definite  relation  to  the  vigor  of  the  indi- 
vidual, nor  to  the  processes  of  nutrition  generally.    The 
liecessary  and  constant  variations  in  the  organic  elements  of 
the  blood,  which  are  the  result  of  insufiicient  alimentation, 
exhausting  discharges,  or  diseases  characterized  by  impover- 
ishment of  this  fluid,  are  observed  in  the  albumen  and  red 
corpuscles,  and  not  in  the  fibrin.     By  this  it  must  not  be 
understood  that  the  quantity  of  fibrin  is  not  variable.    It  has 
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been  fonndj  for  example,  by  Audral  and  Gavarret  to  be  prettv 
generally  increased  in  tbe  phlegraasife ;  but  it  bears  no  rek- 
tiou  to  the  rielniess  of  the  bicjod,  ItB  proportion  is  not  in- 
ei-eased  always  in  pie  thorn  and  diminished  inafjemia;  aad 
in  fact  it  has  l^een  foutid  by  Nasse  to  be  iucreaaed  in  animak 
suffering  from  hunger/  After  henioiThage,  whieh  (limiuigbes 
the  corpufides  and  album  en,  the  lihrin  is  generally  increased  ; 
so  that  the  fact  of  loss  of  bloodj  ditDinishing  the  force  of  the 
heart  and  increasing  the  tendency  to  coagulationj  has  an  iv^M 
fluence  ii^  the  arrest  of  the  flow.  ^^ 

Cirentugtances  whieh  accelerate  coagulation  have  a  ten- 
dency to  arrest  liemorrliage.  It  is  well  known  that  exposure 
of  a  bleeding  surlace  to  the  air  has  this  eH*ect»  The  way  in 
which  the  vessel  is  di\nded  has  an  important  influence.  A 
clean  cut  will  bleed  more  tVeely  than  a  ragged  laceration.  In 
division  of  large  vessels  this  difference  is  sometimes  marked. 
Cases  are  on  record  where  the  ami  ha,s  been  torn  off  at  the 
shoulder-joint,  and  vet  tlie  hemon'ha^^e  was,  for  a  tinie^  spon- 
taneouely  aiTcsted  ;  while  we  know  tliat  division  of  an  arter 
of  smaller  size,  if  it  be  cut  acrof%'^,  would  be  fatal  if  lett: 
itself.  Under  these  circnmstances  the  intennj  coat  is  torn  i 
Bhredsj  whicli  retract^  tlicir  cnrled  ends  projecting  into  tl 
caliber  of  the  vessel,  and  have  die  same  effect  on  tlie  coaga 
lation  of  blood  as  a  bundle  of  twigs.  In  laceration  of  such  \ 
large  vessel  as  the  axillary  artery,  the  arrest  cannot  Ik>  pei^ 
manentj  for  as  6f>on  as  the  system  I'eeovers  from  the  shock, 
the  contractions  of  the  heart  will  force  out  the  coagulate^H 
blood  which  has  closed  the  opening*  ^1 

In  our  study  of  the  functions  of  the  body  we  ehall  con* 
tinnally  see  evidences  that  Nature,  not  content  with  simply 
providing  for  tlie  ordinary  wants  of  the  system,  has  made 
provision  for  extraordinary  occurrences  and  accidents,  A 
striking  example  of  this  is  the  function  of  fibrin.  All  tli«|| 
ordinary  operations  of  the  body  go  on  perfectly  well  in  a 
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person  affected  with  the  hemorrhagic  diathesis,  in  wliose  blood 
the  fibrin  is  wanting ;  and^  as  we  liave  already  seen  in  treat- 
ing of  transfusion,  the  vivifying  effects  of  defibrinated  blood 
are  equal  to  those  of  blood  which  contains  all  its  constituents ; 
yet  it  is  provided  that  in  hemorrhage  the  blood  solidities  and 
closes  the  opening  in  the  vessels,  if  they  be  not  too  large. 
She  often  makes  attempts  to  cure  aneurisms,  or  hemorrhoids, 
by  the  same  process ;  and  hence  does  not  obliterate  the  vessels 
by  an  organized  substance,  which  would  be  capable  of  self- 
regeneration  and  always  remain  as  part  of  the  body,  but 
throws  out  a  temporary  plug,  which  is  destined  to  be  re- 
moved, partially,  if  not  completely,  by  absorption.  The  pro- 
cess of  coagulation  of  the  fibrin  of  the  blood  is  essentially 
different  from  that  of  gradual  eftusion  of  plastic  lymph  by 
which  injuries  are  repaired.  Individuals  suffering  under  the 
hemorrhagic  diathesis,  are  not  deprived  of  the  power  of 
repairing  injuries  by  means  of  plastic  exudations  from  the 
blood,  though  the  blood  contains  no  fibrin,  and  hemorrhage 
is  not  arrested  until  the  process  of  repair  has  closed  the 
openings  in  the  vessels,  or  we  have  closed  them  by  the  effect 
of  our  styptics.  We  likewise  see  that  in  the  lower  animals 
who  have  not  the  means  of  artificially  arresting  hemorrhage, 
its  spontaneous  arrest  is  more  effectually  provided  for  by  a 
more  rapid  coagulation  of  the  blood. 

From  the  foregoing  considerations  it  is  evident  that  the 

remarkable  phenomenon  of  coagulation  of  the  blood,  which 

has  80  much  engaged  the  attention  of  physiologists,  has  rather 

amiBchanical  than  a  vital  function ;  for  its  chief  office  is  in  the 

8n^  of  hemorrhage.     Coagulation  never  takes  place  in  the 

organism,  unless  the  blood  be  in  an  abnormal  condition  with 

^^pect  to  circulation.     Here  its  operations  are  mainly  con- 

^rvative ;  but  as  almost  all  conservative  processes  are  some- 

tiiiies  perverted,  clots  in  the  body  may  be  productive  of  injury, 

^  in  the  instances  of  cerebral  apoplexy,  clots  in  the  heart 

^^^^<^umng  before  death,  the  detachment  of  emboli,  etc. 
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Caum  of  the  Cfoag^uluitmi  qftfid  HloofL — Though  the  phe- 
nomena of  coaguliitiou,  anil  the  circiimetances  whieh  modily 
itj  especuallj  as  oceurriDg  in  the  organism,  are  of  more  prao- 
tieal  importance  than  any  thing  else,  the  study  of  these 
pheBumeiuL  naturally  leads  us  to  inquire  ioto  the  reason  whj 
lihriu  thus  changes  iu  form*  When  wo  say  that  this  priu-^fl 
ciple  m  endowed  with  the  property  of  spontaneous  coagula-^ 
billty,  we  do  not  e\'pre^  what  h  strictly  tlie  fiu.*t.  It  remains 
fluid  until  it  is  placed  iu  abnormal  eondititma,  when,  without 
tlie  application  of  heat,  or  any  chemical  reagents,  it  cofig- 
nlates ;  but  so  long  as  it  remains  in  tlie  circulating  bloodn^ 
lymphj  or  chylej  ct>agnLition  does  not  take  place.  This 
property  J  which  has  been  &o  long  recognized,  has  been  the 
subject  of  many  epoculationti  as  to  its  cause,  and  some  experi- j 
menta ;  but  until  the  last  few  yeaiis  the  experiments  ha^e  done  j 
nothing  but  familiarize  us  with  the  actual  pbenouieoa  wliicJi 
take  pluce,  and  left  the  causCj  as  befoi^e,  entirely  a  matter  of 
speculation.  Under  these  circumstances  it  will  not  be  found 
very  profitable  to  discuss  tlie  old  tlieorios  on  the  subject. 
Our  object  in  the  historical  review  of  physiological  questiouB 
is  to  show  the  gradual  development  of  truth,  as  facts  have 
been  accumulatetl  by  different  ohservei'^,  which  those  laj^t  in 
the  Held  have  been  able  to  coordinate,  rather  than  to  exlmme  ^ 
hypotheses  %vkich  have  fallen  before  actual  observation.  Onfl 
no  subject  have  hj^mtbeses  been  more  vague  and  unsatis- 
lactory,  and  more  readily  disproved  by  experiment,  than 
with  regard  to  the  cause  of  coagulation  of  the  fibrin.  Thai 
itlea  that  exposure  to  the  air  is  the  cause  of  coagulation,! 
whicli  was  held  by  Ilowson,  is  disproved  by  the  simple  fact^ 
that  coagulation  takes  place  in  a  vacuum.  The  vital  theory 
of  Hunter,  which  was  adopted  by  most  physiologists  of  Ida 
time,  is  too  indelinite  for  discussion  at  the  present  day,  and 
really  expresses  utter  want  of  knowledge  on  the  subject* J 
The  theory  that  motion  m  the  cause  of  the  fluidity  of  fibril 
in  the  body,  is  disproved  by  the  fact  that  violent  agitation  ot'  \ 
the  blood  out  of  the  body  does  not  prevent  coagulation* 
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On  the  other  hand,  we  are  not  justified,  with  Eobin  and 
Terdeil,  in  abandoning  the  subject  with  the  assertion  that 
it  is  "  as  vain  to  seek  after  the  cause  of  this  fact  as  to  inquire 
why  fibrin  exists,  why  sulphate  of  copper  is  blue,  etc." ;  * 
assuming  that  fibrin  coagulates  merely  because  it  has  the 
property  of  coagulation,  as  albumen  is  coagulated  by  heat, 
or  caseine  by  acetic  acid.  An  extension  of  this  method  in 
physiology  would  put  an  end  to  all  generalization,  restricting 
the  operations  of  the  intellect  to  the  mere  observation  of 
phenomena. 

Circulating  in  the  organism,  the  plasma  contains,  molec- 
nlarly  united  with  each  other  and  uniformly  distributed  in 
the  fluid,  fibrin,  albumen,  salts,  and  volatile  substances. 
Albumen  retains  its  fluidity  out  of  the  body,  until  heat  or 
some  coagulating  agent  is  applied ;  but  by  employing  a 
current  of  galvanism,  which  we  know  changes  the  condition 
of  the  inoj^nic  substances  in  the  serum,  something  is  taken 
away  w^hich  canses  albumen  to  coagulate,  or  which,  when  it 
existed  unchanged,  retained  albumen  in  its  fluid  condition. 
Is  it  not  possible  that  the  blood  while  circulating  may  contain 
a  substance  capable  of  keeping  fibrin  fiuid,  the  evolution  of 
which  out  of  the  body  is  the  cause  of  coagulation  ?  We  are 
particularly  led  to  ask  this  question,  as  we  are  acquainted 
with  many  substances  which  possess  this  property  when  added 
to  blood  drawn  from  the  vessels;  such  as  carbonate  of  soda, 
ammonia,  etc.  This  idea  forms  a  fit  basis  for  experimental 
inquiry,  by  a  study  of  the  substances  evolved  by  the  blood 
during  coagulation  in  the  form  of  vapor.  If  it  be  objected 
that  no  coagulation  takes  place  in  the  vessels,  while  an  op- 
portunity for  volatilization  is  constantly  presented  in  the 
luDgs  in  normal  circulation,  it  must  be  remembered  that  the 
Wood  is  continually  washing  out,  as  it  were,  in  the  course  of 
^ttculation,  matters  formed  in  the  various  parts  of  the  organ- 
^Da;  and  substances  which  are  continually  discharged  by  the 
^^^,  skin,  kidneys,  etc.,  are  necessarily  as  continually  taken 

*  Robin  and  Verdeil,  op.  cit,  tome  iil.,  p.  210. 
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up  by  tbe  blood  in  tlio  ^ys^tera.     From  tlii^  point  of  view  it  j 


of^ 


ti- 


does  not  eeem  entirely  unprofitable  to  look  after  tlie  caiiBe  > 
the  coagulation  of  the  blood.     It  was  with  eucU  aa  idea  as 
tliiB  thiit  alino&t  the  iii*at  definite  experiments  which  we  have 
on  the  cause  of  coagulation,  were  performed.     These  consti- . 
tijte  the  basis  of  the  Astley  Cooper  prize  essay  for  1856,  and 
if  they  be  not  sutlieieiit  to  convince  all  physiologists,  must 
be  acknowledged  to  settle  many  points  with  refcreucc  to  tlifll 
question  under  consideration.    Dr.  Riebardson  has  here  given 
us  the  only  definite  and  jirobable  explanation  of  this  pbeaom**! 
enon  that  has  ever  been  presented." 

The  Tiews  of  Eichai-dson,  and  the  experiments  on  wbicl 
they  are  based,  are  briefly  the  ibllowing ; 

Taking  as  a  point  of  departure  the  fact^  which,  as  we  have 
already  seen,  is  sufficiently  proven^  that  all  circurastance 
wliieh  facilitate  the  separation  of  volatile  elements  from  th^ 
blood   hasten  coagulation,   llicbardson   atteiujjted  to  shov 
that  the  volatile  substances  which  thus  escape^  if  retained,  ot 
if  made  to  pass  tlirough  blood,  will  retard  or  arrest  coagulation  J 
His  experiments  on  the  prevention  of  exhalation  are  ver 
satisfactory.     The  jugular  vein  is  laid  bare ;  a  portion  of  it 
tilled  with  bhmd,  is  included  between  two   ligatures,  then 
fieparatetl  from  the  body  and  drawn  under  mercury  in  a  Uh 
tube,  the  vein  being  allowed  to  remain  in  the  liend  of  thd^ 
tube  for  from  nine  to  twenty-four  hours.    At  the  end  of  tins 
time  it  is  removedj  the  blood  let  out,  and  exposed  to  the  air. 
In  a  number  of  expeiinienta  he  found  the  blood  entirely  liuid^ 
when  drawn  from  the  vein  immediately  after  removal  fran 
beneath  the  mercury^  while  it  coagulated  firmly  in  a  fe 
miiHites  after  exposure  to  the  air/     This  simple  experiioeui 
we  have  repeated  with  tlie  same  result.  It  eho^  conclusively^ 
that  coagulation  of  the  blood  is  not  a  consequence  of  simple 
rest,  or  loweruig  of  temi>eratnre,  and  tluit  it  is  not  kept  llmd 
in  the  organism  by  any  vital  influences*  ' 

'  RjrnARTieoN,  Tks  Cavm  ofih^  Coagulation  &fthe  Mood,  London,  1868. 
^  Ibtd.^  p.  204  et  arq. 
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The  next  experiments,  whicli  bear  directly  on  tlie  subject 
under  consideration,  were  made  with  reference  to  the  impor- 
tant question,  whether  the  volatile  substances  escaping  from 
coagulating  blood,  if  passed  through  fresh  blood,  would  have 
the  effect  of  retarding  or  preventing  coagulation.     The  ex- 
periments on  this  point  are  likewise  conclusive.     The  appa- 
latns  which  is  used  consists  of  two  wide-mouthed  bottles, 
capable  of  holding  about  two  ounces,  and  a  Wolffe's  bottle 
capable  of  holding  about  three  pounds.      The  small  bot- 
tles, fitted  with  perforated  corks,  are  half  filled,  and  the 
large  bottle  nearly  filled,  .with  fresh  blood.    A  tube  con- 
nected with  a  small  bellows  is  introduced  into  one  of  the 
small  bottles,  passing  nearly  to  the  bottom,  while  a  second 
perforation  in  the  cork  is  fitted  with  a  short  tube  which 
siinply  allows  the  escape  of  air  or  vapor.     The  latter  is  con- 
nected with  a  tube  passing  nearly  to  the  bottom  of  the  Wolffe's 
bottle  through  one  of  the  necks,  while  the  other  is  fitted  with 
a  short  tube  to  permit  the  escape  of  the  vapor.     The  vapor 
is  then  made  to  pass  through  the  blood  in  the  third  bottle  by 
a  long  tube  reaching  to  the  bottom.     If  air  be  now  gently 
forced  through  the  apparatus  by  the  bellows,  the  vapor  from 
the  mass  of  blood  (about  two  pounds  is  used)  in  the  large  . 
bottle  will  pass  through  the  third,  which  contains  but  an 
ounce  of  blood.     In  an  experiment  of  this  kind  performed  by 
fiiehardson,  "  the  blood  through  whicli  the  air  was  first  passed 
coagulated  in  two  minutes ;  that  in  the  Wolffe's  ])ottle  coagu- 
lated in  three  minutes ;  while  the  blood  in  the  third  bottle, 
which  for  a  time  received  a  full  charge  of  the  vapor,  retained 
its  red  color  and  its  fluidity  for  eight  minutes  and  a  half;  as 
long,  in  fact,  as  any  vapor  could  be  sent  through  it.     When 
the  vapor  failed,  and  air  only  began  to  circulate,  this  blood 
coagulated  feebly,  the  fibrin  separating  and  floating  on  the 
top."' 

These  experiments  apparently  have  but  one  explanation. 
As  the  blood  when  drawn  from  the  body  may  sometimes  be 

•  Op,  eit,  p.  268. 
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kept  fluid  bv  preventing  tlie  esca]>e  of  volntile  snbstanci 
and  th^  vapor  of  coagulatiJig  blood  forced  through  another 
speeiineii  of  blood  prevents  coagulation  so  long  as  it  continues 
to  puBS,  soTiietbing  is  given  off  from  the  blood  which,  when 
contained  in  this  fluid,  has  the  power  of  retaining  fibrin  in 
its  fluid  state.     Having  gone  thus  far  in  the  inymtigatioi 
the  next  point  is  to  subject  the  vapor  of  blood  to  analysis 
and  aBecrtain,  if  possible,  what  substance  or  substances  it' 
contains  which,  when  retained  in  tho  bloody  or  introduced, 
have  the  power  of  keeping  it  fluid, 

Tiiia  was  the  next  step  in  Eichardson's  investigatioi 
lie  found  that  blood-vapor  contained,  auiong  other  things,]] 
aujmouia.     This  Ite  detected  by  passing  blood-vapor  tiirough 
Iiydrocldoric  acid  and  atterwanls  testing  it  with  the  per^ 
chloride  of  platinuui,  fonning  the  annnonio-chloride  of  phiti- 
nnin.     He  ako  obtained  crystals  of  the  chloride  of  atnnio^H 
nium,  by  atkvwing  the  vapor  to  pass  over  a  gla^s  slide  nioist-^' 
eued  with  hydrochloric  acid.     He  demonstrated  in  this  way 
the  i)resence  of  ammonia  in  the  exhalation  from  tlie  bluotl 
tho  human  subjectj  as  well  as  the  interior  animals.     He  als 
demonstrated  by  numerons  cxperinients  that  aunuonia  mixe 
with  bloodj  or  the  vapor  passed  through  it,  will  prevent  cong- 
Illation ;  while  the  passage  of  air  and  the  various  gases  hasH 
the  eflei^t  of  hastening,  rather  than  retarding  this  proeess.^1 
It  was  further  demonstrated  that  ammonia  is  constantly  dis- 
charged by  the  organisnij  particularly  by  tlie  lungft ;  and,  of 
coiu^se,  must  be  as  eoustautly  produced  in  the  tissues,  and 
taken  up  by  the  blood  in  the  course  of  the  circulation. 

The  points  above  enumerated  certainly  seem  to  be  ed 
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*  In  thp  ir[dCD^ion  of  Richard50Ti*3  vlowg,  wc  have  attempted  to  connect  llie 
great  expvtimeniAl  llnka  in  lil-s  chain  of  ovjdeoee.     Uis  admimble  m\d  lalKirious 
treatise  eonuina  detaiLi  of  399  i.»:spin'irucntd ;  and  though  il  BUtnmary  m  gir^ii  a| 
the  cud  of  cmh  chapter^  and  a  sumiowry  at  the  cnriotuBioii,  mticli  labor  fe  nec^s^iai 
cm  the  pftrt  of  the  rendiT  to  sq>aratc  Ihoee  which  vltv  ImjMtHnni  froiu  tb«>  gr 
nMas  of  tainnr  fuels,  o^id  nppreehUe  the  proofs  of  the  doeirinL'S  ndFjinrnJ,     Tl 
08  it  ftKius  to  tut*,  bos  hnd  the  efl^ct  of  caasiDg  the  views  of  Dr  RkhnnlscJii 
fcc^ve  iiir  liiM  alteutiwi  at  the  h&ndB  of  physiologifits  rhan  they  I'^alh  merit. 
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perimentally  proven.  The  experiments  cited  show  conclu- 
fiivdy  that  as  blood  coagulates,  out  of  the  body,  a  vapor  is 
given  off  "which  contains  some  substance  capable  of  preserv- 
ing the  fluidity  of  the  fibrin ;  and  that  ammonia,  which  is  a 
constituent  of  this  vapor,  has  this  property.'  But  the  rigid 
requirements  of  our  science  render  it  necessary,  in  order  to 
establish  the  fact  that  the  evolution  of  ammonia  is  the  sole 
and  constant  cause  of  coagulation,  to  show  how  ammonia  is 
given  off  under  all  the  varied  circumstances  under  which 
coagnlation  of  the  blood  is  known  to  take  place.  In  other 
words,  it  must  be  demonstrated  that  the  evolution  of  ammo- 
nia in  coagulation  is  not  a  coincidence,  occurring,  it  may  be, 
pretty  generally,  but  a  necessity.  The  fact  that  ammonia 
added  to  blood  prevents  coagulation  is  not  sufficient  evidence 
of  this ;  for,  as  we  have  seen,  other  substances,  such  as  carbon- 
ate of  soda,  have  the  same  effect. 

Are  there  any  circumstances  under  which  coagulation  of 
blood  takes  place,  where  ammonia  is  not,  and  cannot  be, 
given  off?  There  are  observations  which  seem  to  answer 
tlm  question  in  the  affirmative ;  and  it  becomes  necessary 
now  to  carefiilly  study,  with  reference  to  this  point,  all  the 
varied  conditions  under  which  the  blood  will  coagulate. 

The  view  that  coagulation  of  the  blood  is  due  to  the 
evolution  of  ammonia  explains  perfectly  how  this  process  is 
hastened  by  exposure  to  air,  by  a  moderately  high  tempera- 
ture, by  a  vacuum,  by  the  blood  flowing  slowly  in  a  small 
stream,  and  in  brief,  the  various  circumstances  which  modify 
coagulation  otit  of  the  hody.  Its  evolution  from  the  blood 
by  the  lungs  is  not  incompatible  with  the  fact  of  the  fluidity 
of  the  blood  in  the  body,  for  it  is  taken  up  from  the  tissues 
as  fast  as.  it  is  eliminated.  Some  instances,  however,  of 
coagulation  in  the  hody^  and  some  experiments  on  coagulation 
out  of  the  body,  when,  as  is  thought,  ammonia  is  not  and 
cannot  be  evolved,  seem  opposed  to  the  view  advanced  by 
Richardson. 

It  is  easy  to  understand,  adopting  the  views  of  Bichard- 
11 
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son,  wliy  the  blood  coagulates  in  the  body  after  death.  Under 
the  circnmatances  in  which  it  is  then  placed,  the  escape  of 
volatile  sttbetanceS}  though  retarded,  is  evidently  not  pre- 
vented.    Thus  wlien  the  body  is  opened  ehortlj  after  death, 
^e  may  find  the  blood  perfectly  fluid,  coagulating,  however, 
shortly  after  it  is  removed  from  the  vessels  and  exposed  to 
the  air>     During  life,  when  circulation  is  an-ested  or  much 
retarded,  the  blood  will  coagulate ;  but  here  there  is  the  same 
opportunity  presented  for  the  escape  of  volatile  matter. 
ammonia  m  undoubtedly  received  by  the  blm)d  in  the  cour^" 
of  circulation,  ai'rest  of  circulation  in  any  part  of  the  rascula^i 
system  prevents  the  blood  therein  contained  from  receiviti|H 
its  constant  supply.    As  it  has  been  ehown  that  out  of  the^^ 
body  the  evolution  of  ammonia  always  accompanies  coagu* 
lation,  wc  must  inter  simply  that  coagulation  in  the  body, 
under  tlio  above-mentioned  circuui stances,  is  attended  with 
the  evolution  of  this  principle,  for  the  conditionB  hero  do  na^_ 
admit  of  direct  experimentation,  situated  as  the  blood  is  J^^f 
the  midst  of  tissues,  from  which  volatile  Bubstances  are  also 
evolved.     It  is  not  proper,  however,  to  shut  our  eyes  to  the 
fact  that  blood  effused  into  the  tissues  and  into  the  cavities^ 
during  life,  has  been  known  to  remain  fluid  for  days 
even  weeks,  when  there  are  no  circumstances  which  we  ci 
appreciate  as  modifying  or  preventing  the  gradual  evoluti 
of  ammonia.    But  we  know  that  there  are  many  anii 
products,  such  as  the  vaginal  mucus,  etc.,  which  previ 
eoagulation;  and  in  these  instances,  which  are  not  very  fi 
quent,  it  has  not  been  diown  that  some  influence  of  this  ki 
was  not  brouglit  to  !>ear  on  the  process.     It  is  a  cui'ious  fi 
also,  that  leech-drawn  blood  remains  fluid  iu  the  body  of  the 
aniuiah     Richardson  hafi  veriiied  this  fact,  but  says  that  he 
can  ofler  no  satisfactory  ex|)knation.     lie  observed  al&o  that 
the  blood  flowing  trom  the  leech-bite  presented  the  same 
persistent  fluidity,  which  explains  the  well-known  fact  that 
the  insignificant  wound  gives  rise  to  considerable  hemorrhage. 
Ou  this  point  he  has  made  the  following  curious  experiment ; 
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"After  the  leech  was  removed  from  the  arm,  the  wound 
it  had  produced  continued  to  give  out  blood  very  freely.  I 
caught  the  blood  thus  flowing  at  diflTerent  intervals,  allowing 
it  to  trickle  into  teaspoons  of  the  same  size  and  shape.  The 
results  were  curious.  The  blood  which  was  received  into  the 
first  spoon,  and  which  was  collected  immediately  after  the 
removal  of  the  leech,  was  dark,  and  showed  the  same  feeble- 
ness of  coagulation  as  the  blood  taken  from  the  leech  itself. 
Another  portion  of  blood,  received  into  a  second  spoon  five 
minutes  later,  coagulated  in  twenty-five  minutes  with  mod- 
erate firmness.  A  third  portion  of  blood,  caught  ten  min- 
utes later  still,  coagulated  in  eight  minutes ;  while  at  the 
end  of  half  an  hour  the  blood  which  still  flowed  from  the 
woond  coagulated  firmly,  and  in  fine  red  clots,  in  two  min- 
utes. Ultimately  the  blood  coagulated  as  it  slowly  oozed 
from  the  woxmd,  so  that  the  wound  itself  was  sealed  up."  * 

The  existence  of  projections  into  the  caliber  of  vessels, 
or,  as  was  done  by  Simon,  the  passage  of  a  fine  thread  through 
an  artery  or  vein,  will  determine  the  formation  of  a  small 
coagulum  upon  the  foreign  substance,  while  the  circulation 
18  neither  interrupted  nor  retarded.  These  facts  demand 
explanation,  but  all  we  can  say  with  regard  to  them  is,  that 
in  the  present  state  of  our  knowledge  explanation  is  difficult, 
if  not  impossible.  As  before  remarked,  the  process,  under 
tiiese  circumstances,  cannot  be  subjected  to  direct  experiment, 
as  in  the  case  of  the  blood  coagulating  out  of  the  body. 

Since  the  publication  of  Eichardson's  essay,  various 
experiments  on  coagulation  out  of  the  body  have  been  made 
which  are  claimed  to  disprove  his  views.  Dr.  John  Davy 
has  reported  some  experiments  on  the  coagulation  of  blood 
in  the  common  fowl,  in  which  he  attempts  to  show  that  the 
process  is  not  attended  with  the  evolution  of  ammonia,  and 
furthermore,  that  ammonia  mixed  with  the  blood  will  not 
prevent  coagulation.'    It  is  well  known  that  the  blood  of 

»  Op.  at.,  p.  207. 

*  JoECH  Datt,  M.D.,  Phytiohgieal  ResearcheSy  London,  1868,  p.  884  ei  teq. 


164 


THE   BLOOD, 


birds  h  remarkable  for  tha  rapidity  of  iu  coagulatioTi,  and  is" 
therefore  not  bo  well  adapted  to  experimenta  relative  to  the 
drcnmstaiiees  wliicb  attend  this  proee^a  as  the  blood  of 
animals  in  which  coasiulation  h  less  rapid.  The  experiments 
referred  to  are  imperfect,  and  no  attempt  is  made  to  invali- 
date the  acciiraey  of  tlie  observations  of  Richardson  on  the 
blood  of  mammals  and  the  human  subject 

The  most  recent  experiments  on  this  suliject  are  by  Jc 
seph  Lister,  published  in  a  lecture  on  '*  Coagulation  of  the 
Bloody"  in  the  '*  London  Lancet,"  February,  1864.  Tlie  view 
entertained  by  Mr,  Lister  is,  that  the  blood  is  kept  fluid  in 
the  orgamsni  by  its  contact  with  living  parts;  and  that  alfH 
other  contaetj  especially  that  of  inoj^anic  bodies,  produces  ft 
tendency  in  this  fluid  to  coagulate-  The  power  of  retaining 
the  fluidity  of  the  bkK>d  he  suppose  to  reside  particularly  in 
the  coats  of  tlie  blocMl-vcsselSj  but  he  fiirthcr  says !  **  I  think  it 
probahlcj  though  not  yet  proved,  that  all  li\^ing  tissues  have 
these  properties  with  relbrcnce  to  the  blood." '  The  ammonia 
theory  he  considers  entirely  faUaciotis,  and  a^ribes  coagula- 
tion either  to  the  contact  of  animal  tissues  atTter  deatJi,  when 
their  vital  property  of  maintaining  the  fluidity  of  tlie  blood 
slowly  disappears,  or  the  contact  of  i^rdinary  matter,'  ^H 

Various  experiments  are  cited  in  support  of  the  view  thu^™ 
briefly  given.     In  one  of  them,  the  author,  by  an  iogcnious 
mechanism,  draws  the  blood  into  an  apparatus  consisting  o|fl 
a  tube  in  which  it  is  eflectually  secluded  from  the  air,  and^ 
which  allows  tlie  fluid  to  be  stirred  wltli  a  little  wire  which 
is  provided  with  projecting  spokes.    In  one  experiment  the 
tul>e  was  filled  with  blcMx),  which  did  not  come  in  contact 
w4th  the  air,  and  the  blood  stirred  with  the  wire.     In  tbirty- 
seveu  minute  the  wire  was  removed  and  found  enveloped  i^M 
a  mass  of  clot.     In  another  experiment,  '*  Receiving  blootl 
from  the  throat  of  a  bullock  into  two  similar  wide-moutbed_ 

*  London  Lamrt,  Americaa  republication,  Feb.  1864,  p.  01, 

*  Tliia  riewj  as  etateti  by  Mr*  Liater,  wm  entertained  bj  AfftJey  Cooper,  Ttmdc- 
rtdi,  Bracks,  and  others, 
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bottles,  I  immediately  stirred  one  of  them  with  a  clean  ivory 
rod  for  ten  seconds  very  gently,  so  as  to  avoid  the  introduc- 
tion of  any  air,  and  then  left  both  undisturbed.  At  the  end 
of  a  certain  nximber  of  nunutes,  I  found  that,  while  the  blood 
which  had  not  been  disturbed  could  be  poured  out  as  a  fluid, 
with  the  exception  of  a  thin  layer  of  clot  on  the  surface  and 
an  incrustation  on  the  interior  of  the  vessel,  the  blood  in  the 
other  vessel,  which  had  been  stirred  for  so  brief  a  period,  was 
aheady  a  solid  mass." ' 

Other  experiments  are  brought  forward,  modifications  of 
4e  one  already  mentioned  as  performed  by  Simon,  showing 
that  incrustations  will  form  on  the  surface  of  foreign  sub- 
stances introduced  into  the  vessels ;  and  that  after  death  their 
introduction  will  induce  coagulation  in  the  entire  vessel  much 
sooner  than  it  would  otherwise  have  taken  place. 

The  idea  of  simple  contact  with  living  tissues  preventing 
coagulation  hardly  merits  discussion.  It  is  well  known  that 
coagulation  firequently  takes  place  during  life,  almost  always 
following  arrest  of  the  circulation.  After  division  of  the  ves- 
Bels,  the  blood,  in  contact  with  living  parts,  performs  its  con- 
senrative  function  in  the  arrest  of  hemorrhage.  There  is  cer- 
tainly something  very  curious  in  the  eflTect  of  the  contact  of 
foreign  substances,  and  the  experiments  on  this  point  are  very 
striking.  Why  is  it  that  a  coagulum  forms  upon  a  fine  thread 
or  a  needle  passed  through  a  vessel ;  or  on  the  wire  with  which 
the  blood  in  Mr.  Lister's  apparatus  was  stirred,  though  there 
was  no  exposure  to  the  air  ?  And  why  did  the  blood,  which 
was  only  gently  stirred  for  a  few  seconds  with  a  smooth  ivoiy 
rod,  coagulate  so  much  more  rapidly  than  that  which  was 
Tmdisturbed  ? 

These  are  questions  which  we  must  acknowledge  our 
inability  to  answer.  The  phenomena  cannot  be  satisfactorily 
explamed  by  the  supposition  that  ammonia  is  evolved ;  but 
on  the  other  hand,  this  is  not  a  suflScient  reason  for  rejecting 
^e  fact,  experimentally  demonstrated,  that,  out  of  the  or- 

*  Op,  eit,,  p.  83. 
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ganiem,  ammonia,  a  substance  capable  of  maintaining  tb^ 
fluidity  of  the  fibrin ^  is  given  off  from  coagulating  blood. 
We  may  suppose  that  ammonia  separates  itself  from  one 
portion  of  tlie  bl(.K>ti  and  is  retjiined  in  another,  Aii  experi- 
ment by  Richardson  gives  color  to  this  euppositioUj  for  in 
one  exj^eriment  on  the  passage  of  blood- vapor  through  blood, 
he  found  that  the  lower  part  coagulated  while  the  upper  part 
remained  fluid ;  and  on  examination,  ascertained,  in  expla- 
nation of  ihiBj  that  the  tube  winch  carried  the  vapor  into  the 
blood  did  not  extend  to  the  bottom  of  the  vesseL*  ^M 

Tlie  effect  of  foreign  bodies  on  coagulation  is  not  mop^*™ 
inexplicable  than  the  operation  of  inert  substances  in  certain 
chemical  processes;  as  the  action  of  the  oxide  of  manganese 
in  the  formation  of  oxygen  from  the  chlorate  of  potash ;  ofj^ 
to  take  a  proce&s  more  like  the  one  under  congideration, 
formation  of  erj-stals  on  threads  and  projeetions  in  vessels, 
the  escape  of  electricity  trom  points,     Extimples  of  tMs  kind 
in  the  organic  world  ai*e  numemus,  and  we  are  content  to 
say  that  these  facts  are  entirely  beyond  ex]ilanation,  in  the 
present  state  of  our  knowledge,     "We  should  hardly  be  sur- 
prised,  then ,  at  our  inability  to  eiqalain  the  teudency  which 
the  presence  of  foreign  bodies  lias  to  induce  the  deposition  of 
so  coagulable  a  substance  as  flbrin.     The  theory  that  coagu- 
lation of  the  blood  is  always,  or  even  generally,  due  to  the 
contaet  of  foreign  subBtanceSj  or  tissues  which  have  lost  their 
vital  properties  and  act  as  foreign  substances,  inu&t  be  rejected 
as  opposed  to  experiment  and  observation.     When,  as  hajv 
I)ens  in  the  interior  of  the  body,  the  blood  coagulates  under 
circumstances  wben  the  process  will  not  ad  nut  of  lUrect 
experimentation  as  far  as  the  evolution  of  volatile  snlistances 
is  concerned,  the  best  we  can  do  is  to  apply,  as  far  as  possible, 
the  i\icts  which  are  proven  with  regard  to  coagiJatiou  out  of 
the  body,  wben  the  phenomena  can  be  minntely  studied-, 
Here^  at  least  in  the  human  subject  and  in  manimals^ 
seems  demonstrated  to  be  due  to  the  evolution  of  ammonia. 


Clp.  tit,  p.  269, 


8UHKABT  OF  PBOPEBTIK8  AND  FUNCTIONS.  167 


Summary  cfike  Properties  amd  Functions  of  tJie  Blood. 

The  blood,  constitnting  as  nearly  as  can  be  estimated  one- 
eighih  of  the  weight  of  the  body,  is  the  great  nutritive  fluid ; 
its  presence  being  necessary  to  life,  and  its  normal  constitution 
and  circulation  essential  to  the  performance  of  all  the  fiinc- 
tions. 

Anatomtcalh/^  its  most  important  elements  are  a  clear 

plasma  and  the  red  corpuscles,  these  existing  in  about  equal 

proportions.     The  corpuscles  are  intimately  connected  with 

the  function  of  respiration.     Their  chief  office  seems  to  be  to 

carry  oxygen  from  the  lungs  to  the  tissues.    Their  presence 

is  immediately  essential  to  life,  and  their  normal  proportion 

eesential  to  health.    They  are  organized  anatomical  elements, 

capable  of  self-r^eneration  from  principles  contained  in  the 

plasma.     They  contain  all  the  principles  which  exist  in  the 

plasma,  with  the  difierence  that  the  iibrin  and  albumen  of 

the  latter  are  replaced  by  globuline,  and  a  coloring  matter, 

hematine,  is  superadded.     The  plasma  seems  to  be  the  part 

chiefly  employed  in  the  nourishment  of  the  tissues,  some  of 

which,  as  cartilage,  do  not  receive  any  of  the  corpuscular 

elements  of  the  blood. 

ChemicaUyj  the  plasma  contains  all  the  elements  which 
are  necessary  for  the  regeneration  of  all  parts  of  the  body. 
These  are  continually  being  used  up  in  nutrition^  but  are 
replaced  by  the  absorption  of  articles  of  food  after  they  have 
iindergone  the  preparation  of  digestion.  In  the  deposition 
of  new  matter  in  the  regeneration  of  the  tissues,  the  organic 
Jttid  inorganic  constituents  of  the  plasma  are  deposited  to- 
gether ;  the  inorganic  elements  of  the  tissues  receiving,  as  it 
were,  the  vital  properties  of  self-regeneration,  which  we  sup- 
pose to  reside  particularly  in  organic  principles,  from  the 
^  of  their  molecular  union  with  these  organic  principles. 

Of  the  organic  constituents,  aHmnien  constitutes  by  far 
^e  greater  proportion,  and  is  the  one  chiefly  used  in  the 
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nutrition  of  tlie  organic  nitrogen  ized  elements  of  tLe  tissues. 
Its  diminution  in  tlie  blood  to  any  coneiderable  extent  de- 
terniinea  defecttre  nutrition.  It  is  proliable  that  all  the  otLer 
oi^anic  nitrogcnized  priiici[)les  are  formed  from  it,  _ 

In  the  bloodj  part  of  the  albumen  is  translbrmed  int^| 
^brin^  which  exists  in  fimall  c|uantity^  and  does  not  appear 
to  bear  any  relation  to  nutrition.  Its  peculiar  property  of 
spontaneous  coagulation  gives  it  a  mo^t  important  conser- 
vative function  in  the  airest  of  hemorrhage.  Ammoniaj  which 
is  contained  in  tlie  blood,  has  the  property  of  maintaining  its 
fluidity ;  but  on  exposure  to  air,  or  in  rupture  of  ve^^ek,  we 
have  an  escape  of  ammonia,  and  the  fibrin  by  its  coagulation 
reduces  the  whole  mass  of  blood  to  a  semi-solid  con&istenee 
TLe  proportion  of  fibrin  in  the  blood  bears  no  relation  to  tli^ 
function  of  nutrition.  Its  occasional  absence  only  inducts 
obstintite  hemoiThage  on  the  division  of  vessels,  even  of  very" 
email  ^ize, 

I^at^  which  exists  in  small  quantity  in  the  bloody  and  ^^^a/^jH 
which  exists  only  in  certain  parte  of  the  circulatory  system, 
diBappear  in  the  organism  in  a  way  which  h  not  at  prei^ent 
understood.  They  are  eonccmed  hi,  and  necessary  to,  the 
processes  of  nutrition ;  but  the  exact  nature  of  tlieir  ftinetioi^ 
is  unknown. 

The  inorganw  c&nsHhmits  of  the  body  are  found  in  Tary 
ing  proportions  in  the  plaema,  and  have  varied  ftmctionew 
Their  presence  tends  to  pi'eserve  the  proper  constitution  of 
the  corpuscles,  which  are  dissolved  and  l<^t  in  pure  wat^. 

The  water  which  does  not  enter  into  the  constitution  of 
the  albumen  and  fibrin  serves  to  hold  tlie  various  salts  in 
fiolution,  and  cannot  vary  much  in  quantity  from  a  certain 
standard- 

Some  of  the  inorganic  salt^,  the  chlorides  particularly, 
seem  to  regulate,  to  a  certain  extent,  the  procesaes  of  notri- 
tioUj  are  found  most  almndautly  in  the  fluuls,  and  apparently 
do  not  form  a  very  essential  portion  of  the  tissues  themselves 
A  tendency  to  an  exceas  in  the  blood  is  relieved  by  dlsdiarge 
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froln  the  system,  and  a  diminution  is  accompanied  by  certain 
indefinite  disorders  in  the  general  processes  of  nutrition. 

The  cUkaline  carbonates  have  a  tendency  to  preserve  the 
fluidity  of  the  fibrin. 

Some  of  the  inorganic  salts,  such  as  ihe  phosphate  of  lime^ 
are  important  elements  entering  into  the  constitution  of  the 
various  tissues.  They  are  most  abundant  in  the  solids  and 
fiemi-soiids  of  the  body ;  and  when  their  introduction  witli 
food  is  prevented,  we  have  certain  definite  changes  in  the 
constitution  of  some  of  the  tissues,  as  softening  of  the  bones 
m  animals  deprived  of  the  phosphate  of  lime. 

As  already  remarked,  the  inorganic  principles  are  neces- 
aaiy  to,  and  participate  in  the  performance  of  the  vital  func- 
tions of  organic  principles. 

In  addition  to  these  elements,  the  blood  contains  large 
qnantities  of  carbonic  acid^  which  is  eliminated  by  the  lungs, 
and  small  quantities  of  other  excrementitious  matters^  such  as 
wea,  tlie  urates,  cholesterine,  creatine,  creatinine,  and  am- 
monia (which  is  perhaps  an  excretion),  their  proportion  being 
kept  down  by  their  constant  removal  by  the  proper  eliminat- 
ing organs.  Their  increase  in  the  blood  from  any  cause 
pit)duces  toxic  eflTects,  which,  as  regards  some,  urea  and  cho- 
lesterine for  example,  are  easily  recognized. 


CHAPTER  IV. 


CIRCULATION  OF  THE  BLOOD. 


Discovery  of  the  circulation — Physiological  anatomy  of  the  heart — ValTCfl  of  tte 
heart — ^Movements  of  the  heart — ^Impulse  of  the  heart — Succession  of  move- 
ments of  the  heart— Force  of  the  heartr— Action  of  the  valves — Sounds  of  the 
heart — Cause  of  the  sounds  of  the  heart. 

Habvey  discovered  the  circulation  of  the  blood  in  1616, 
taught  it  in  his  public  lectures  in  1619,  and  in  1628  published 
the  "  Ecercitatio  AruUomica  de  Motu  Cordis  et  Sanguinu 
ill  Animalihus^^  It  is  justly  said  by  Flourens,  in  his  ele- 
gant little  work  on  the  discovery  of  the  circulation,  that 
from  this  discovery  dates  the  epoch  of  modem  physiology, 
"when  tradition  began  to  give  place  to  observation.  When 
we  reflect  that  it  is  through  the  medium  of  the  blood"  that 
all  the  processes  of  life  take  place ;  that  all  tissues  are  nour- 
ished by  it,  and  all  fluids  formed  from  it ;  that  it  gives  fresh 
material  to  every  part,  and  takes  away  that  which  is  worn 
out;  that  it  carries  oxygeu  to  every  part  of  the  system,  and 
gives  to  each  structure  its  vital  properties  ;  We  can  form  some 
idea  of  the  state  of  physiology  before  anything  was  known 
of  the  circulation.  This  momentous  discovery,  from  the 
isolated  facts  bearing  upon  it  which  were  observed  by  nu- 
merous anatomists,  to  its  grand  culmination  with  Harvey,  so 
fully  ilhistrates  the  gradual  development  of  most  great  phy- 
siological truths,  that  it  does  not  seem  out  of  place  to  begin 
our  study  of  the  circulation  with  a  rapid  sketch  of  its  history . 
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The  facts  bearing  upon  the  circulation  which  were  devel- 
oped before  the  time  of  Harvey  were  chiefly  of  an  anatomical 
character.    Hippocrates  and  his  contemporaries  distinguished 
two  kinds  of  vessels,  arteries  and  veins ;  but  they  I'egarded 
the  former  as  air-bearing  tubes,  as  their  name  implies,  in 
communication  with  the  trachea.     Galen,  by  a  few  simple 
experiments  upon  living  animals,  demonstrated  the  error  of 
this  view.     He  showed  that  blood  issued  from  divided  arte- 
ries, and  demonstrated  its  presence  in  a  portion  of  one  of 
these  vessels  included  between  two  ligatures  in  a  living  ani- 
mal.   His  ideas,  however,  of  the  mode  of  communication 
between  the  arteries  and  veins  were  entirely  erroneous,  be- 
lieving, as  he  did,  in  the  existence  of  numerous  small  orifices 
between  the  ventricles. 

In  1553,  Michael  Servetus,  who  is  generally  regarded  as 
the  discoverer  of  the  passage  of  the  blood  through  the  luDgs, 
or  the  pulmonary  circulation,  described  in  a  work  on  theology 
flie  course  of  the  blood  through  the  lungs,  from  the  right  to 
the  lefk  side  of  the  heart.  This  description,  complete  as  it 
is,  was  merely  incidental  to  the  development  of  a  theory  with 
regard  to  the  formation  of  the  soul,  and  the  development  of 
vhat  were  called  animal  and  vital  spirits  {apiritus).  The 
ttme  year,  by  order  of  Calvin,  Servetus  was  burned  alive  at 
Geneva,  and  nearly  every  copy  of  his  work  was  committed  to 
the  flames.  But  one  or  two  popies  of  this  work  are  now  in 
existence.  One  is  in  the  library  of  the  Institute  of  France, 
*ad  bears  evidence,  in  some  pages  which  are  partially  burned, 
of  the  fate  which  it  so  narrowly  escaped.* 

A  few  years  later,  Colurabo,  professor  of  anatomy  at 
f  idua,  and  Cesalpinus,  of  Pisa,  also  described  the  passage  of 
^e  blood  through  the  lungs,  though  probably  without  any 
howledge  of  what  had  been  written  by  Servetus.  To  Cesal- 
piimsis  attributed  the  first  use  of  the  expression,  circulation 

'  The  physiological  portion  of  the  Chriatianismi  BesiittUio  of  Sebtitus  had 
^  extracted  from  the  original  by  Flourens,  and  is  published  in  his  little  work 
otitled   ^dcnre  de  la  Decouverte  de  la  Circulaiion  du  Banff,    Paris,  1854. 
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of  iM  UoQih  He  also  remarked  that  aft^r  ligature  or  com-" 
presBioB  of  vems,  tlie  swellmg  is  always  below  the  point  of 
obBtruction,  These  iJeas,  tlie  importance  of  wliieh  is  evi- 
dent now  that  we  understand  the  circulation,  passed  into 
oblivion,  Tltey  were  unknown  to  investigatoiia  during  tlie 
Buceeeding  century,  aud  were  only  brought  to  light  after  the 
dificoi^eriea  of  ITarvey  had  become  widely  diaaemijciated- 
From  this  point  of  view  they  can  hardly  be  called  diM^overies, 
taking  no  place  in  science,  and  their  authoi^  not  ooneidering 
them  definite  enough,  or  of  sufficient  importaoce,  to  be  fulJj 
insitited  upon. 

A  great  discovery,  preparatory  to  that  of  the  eiretilatioi] 
was  made  by  Fabriciua  ab  Aquaj>endentej  professor  at  Padna 
who,  in  the  words  of  Flourens,  bad  a  double  glory ;  ''  Hll 
discovered  the  valves  of  the  veins,  and  he  was  the  master  of 
Harvey."     Valves  bad  been  described  by  Etienne  iu  the 
portal  vein,  by  Canauius  in  the  azygos  vein,  aud  Eustach^^ 
had  discovered  the  valve  which  bears  his  uame  aud  th^H 
valves  of  the  coronary  veins ;  but  to  Fabrieius  is  generally 
ascribed  the  honor  of  the  discovery  of  tlie  vidvular  system  in 
the  veins/    Tliis  was  demonstrated  to  Harvey  at  Padua^ 
though  Fabriciua  does  not  appear  to  have  had  any  detinite 
idea  of  their  function.     It  is  po^ible  that  this  anatomical^, 
tact  may  have  directed  the  mind  of  Harvey  in  his  fii-st  si>eo^| 
nlations  on  the  circulation.     Shortly  after  his  return  from 
Padua  in  1602,  he  advanced  beyond  the  study  of  iDaoiniat 
parts  by  dissections,  and  investigated  animated  nature 
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^  B^^AHD,  ( Cour^    4a   Fh^i^idi^k^    tome  h,,  p.  S4)  quotes  ■.  poBsagic 
Fic!4!o]Dmiiriif  un  Itulliui  linutoiuiBtf  hi  whieb  th<' valves  of  Uxc  veiti^  are  mentioned 
"  ■     •     ■     qmd  f^f  in  mediU  venix  reconditoM  tui  innutHtruhUtt  pf^m  »*a/fwf^ 

^KWH  tUfii  in  dh^tfiont:  ramorurr^  ven<e  cavnK^^  {ATUtiijmicai  Pr^lturHonfitj  ISoma:^ 
1G86,  p,  -112).  It  13  tlie  ossertioiif  uiidaubtL^diy  nrndt*  m  good  tuiikt  In  tlie  gnmi 
work  of  Fal>Kdu»,  tbut  tb«!  valves  liad  tievef  before  be^i  6&en^  vrlueh  hm  IM  ni^tij 
ptLyalologiHtJ  to  regard  him  iu4  the  discoTercr ;  especbU j  when  tlib  fact  Li  Uki^n 
ia  (;oane<^tion  with  their  demoDatmLiot)  bj  Fabridufl  to  Barrej.  to  frli0in  U  dtio 
tJie  Bulc  credit  of  bftrmg  pom  ted  c»ut  their  fuuetion* 
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means  of  vivisections.  As  is  evident  when  we  consider  the 
state  of  science  at  that  time,  anatomists  had  long  been 
preparing  the  way  for  the  discovery  of  the  circulation,  though 
they  knew  little  of  the  ftmctions  of  the  parts  they  described. 
The  conformation  of  the  heart  and  vessels,  and  even  the 
arrangement  of  the  valves  of  the  veins,  did  not  lead  them  to 
Bospect  the  course  of  the  blood ;  but  a  few  well  conceived 
experiments  on  living  animals  have  made  it  appear  so  sim- 
ple, that  we  now  wonder  it  remained  unknown  so  long. 
Furthermore,  these  experiments  made  it  evident  that  there 
was  a  communication  at  the  periphery  between  the  arteries 
aad  the  veins. 

In  the  work  of  Harvey  are  described,  first,  the  move- 
ments of  the  heart,  which  he  exposed  and  studied  in  living 
animals.  He  describes  minutely  all  the  phenomena  which 
accompany  its  action;  its  diastole,  when  it  is  filJed  with 
blood,  and  its  systole,  when  the  fibres  of  which  the  ventricles 
are  composed  contract  simultaneously,  and  "  by  an  admirable 
adjustment  all  the  internal  surfaces  are  drawn  together,  as 
if  with  cords,  and  so  is  the  charge  of  blood  expelled  with 
fcrce."  From  the  description  of  the  action  of  the  ventricles, 
he  passes  to  the  auricles,  and  shows  how  these,  by  their  con- 
traction, fill  the  ventricles  with  blood.  By  experiments 
^n  serpents  and  fishes,  he  proved  that  the  blood  fills  the 
heart  jfrom  the  veins,  and  is  sent  out  into  the  arteries.  Ex- 
posing the  heart  and  great  vessels  in  these  animals,  he  applied 
^  ligature  to  the  veins,  which  had  the  eflTect  of  cutting  off 
the  supply  from  the  heart  so  that  it  became  pale  and  fiaccid ; 
*nd  by  removing  the  ligature  the  blood  could  be  seen  flowing 
feto  the  organ.  When,  on  the  contrary,  a  ligature  was 
*ppKed  to  the  artery,  the  heart  became  unusually  distended, 
^hich  continued  as  long  as  the  obstruction  remained.  When 
the  ligature  was  removed,  the  heart  soon  returned  to  its 
liormal  condition.* 

The  descriptions  given  by  Harvey  were  the  result  of  nu- 

'  The  Works  of  William  Hanrey,  M.  D.    Sydenham  Edition,  p.  58. 
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merous  experimeDts  upon  living  aniiuals ;  exposing  tlie  lieo 
of  cold-LloDiled  animals,  in  whidi  tlie  inovementB  are  com* 
parativel J  slow ;  studying  also  tbe  action  of  tliis  oi]gan  in 
wami-blooded  auima]:^,  after  its  moveniente  had  become 
enfeebled*  As  we  sJmll  see  when  we  come  to  deeeribe  the 
movements  of  the  heart,  nothing  can  exceed  the  simplicitj 
and  accuracy  of  the  descriptions  of  Harvey,  which  arc  uni- 
versally acknowledged  to  be  correct  in  almost  every  par- 
ticular. J 

Harvey  completed  his  description  of  the  circnlation,  by* 
experiments  show^ing  the  course  of  the  blood  in  the  arteries 
and  veinSj  and  the  ubcs  of  tlie  valves  of  the  veins.  These 
experiments  ai^  models  of  iinvpHcity  and  pertinence.  First, 
he  showed  that  a  ligature  tightly  applied  to  a  limb  prevented 
tlie  blood  from  entering  the  artery  and  arrested  pulsation. 
The  ligature  then  relaxed,  and  applied  with  moderate  tight- 
nese  so  as  to  compress  only  the  superiicial  veins,  allowed  the 
blood  to  pass  into  the  part  by  the  arteries,  but  prevented  its 
return  by  the  veins,  which  consequently  became  excessively 
congested.  The  ligature  being  removed,  the  veins  soon 
emptied  themselveSj  and  the  member  regained  its  ordinary 
appearance/ 

He  observed  the  ''knots'*  in  the  veins  of  the  arm  when  a 
ligature  is  applied,  m  for  phlebotomy,  and  showed  that  the 
space  between  these  knots,  which  are  formed  by  the  valveSj 
could  be  emptied  of  blood  by  pressing  toward  the  heart,  an^ 
would  not  till  itself  w^iile  the  finger  was  kept  at  the  low^ 
extremity*  It  was  iui possible,  by  pressure  with  the  fingeiB, 
to  force  the  blood  back  through  one  of  tlie  valves.' 

By  such  simple,  yet  irresistibly  conclusive  axperimentSj 
was  completed  the  chain  of  evidence  establishing  tlie 
fact  of  the  circulation  of  the  blood.  Truly  ia  it  said  that 
here  commenced  an  epoch  in  the  study  of  phystology ;  for 
then  the  scientilic  w*orld  began  to  emancipate  itself  from  tho 
ideas  of  the  ancients,  wliich  had 
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despotic  sway 

'  Ibid,  p.  Gfi, 
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centiiries,  and  study  Nature  for  themselves  by  means  of 
experiments. 

Though  Harvey  described  so  perfectly  the  course  of  the 
blood,  and  left  not  a  shadow  of  doubt  as  to  the  commumca- 
tioii  between  the  arteries  and  veins,  it  was  left  to  others  to 
actually  see  the  blood  in  movement  and  follow  it  from  one 
system  of  vessels  to  the  other.  In  1661,  Malpighi  saw  the 
blood  circulating  in  the  vessels  of  the  lung  of  a  living  frog, 
in  examining  it  with  magnifying  glasses ;  and  a  little  later, 
Leenwenhoek  saw  the  circulation  in  the  wing  of  the  bat. 
The  great  discovery  was  then  completed. 

Enough  has  been  said  in  the  preceding  historical  sketch 
to  give  a  general  idea  of  the  course  of  the  great  nutritive 
fluid,  and  the  natural  anatomical  and  physiological  divisions 
of  the  circulatory  system.     There  is  a  constant  flow  from  the 
central  organ  to  all  the  tissues  and  organs  of  the  body,  and  a 
constant  return  of  the  blood  after  it  has  passed  through 
these  parts.     But  before  the  blood,  which  has  thus  been 
brought  back,  is  fit  to  return  again  to  the  system,  it  must  pass 
through  the  lungs  and  undergo  the  changes  which  constitute 
the  process  of  Eespiration.    In  some  animals,  like  fishes,  the 
same  force  sends  the  blood  through  the  gills,  and  from  them 
through  the  system.    In  others,  like  the  reptiles,  a  mixture 
of  aerated  and  non-aerated  blood  takes  place  in  the  heart, 
and  the  general  system  never  receives  blood  that  has  been 
Ally  arterialized.    But  in  man  and  all  warm-blooded  ani- 
mals, the  organism  demands  blood  that  has  been  frilly  purified 
and  oxygenated  by  its  passage  through  the  lungs,  and  here 
we  find  the  first  great  and  complete  divisions  of  the  circula- 
tion into  the  pulmonary  and  systemic,  or,  as  they  have  been 
called,  the  lesser  and  greater  circulation.     The  heart  in  this 
instance  is  double;  having  a  right  and  left  side  which  are 
entirely  distinct  from  each  other.     The  right  heart  receives 
the  blood  as  it  is  brought  from  the  system  by  the  veins,  and 
sends  it  to  the  lungs ;  the  left  heart  receives  the  blood  from 
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the  lungs  and  sends  it  to  the  system,*  It  must  be  borne  in 
mindj  howeyer,  that  though  the  two  sides  of  the  heart  are 
distinct  from  each  other,  tlieir  action  is  simultaneoos ;  and  in 
studying  tlie  motions  of  tins  organ,  we  will  find  that  the 
blood  is  Bent  simnltaneously  from  tlie  right  side  to  the  lungn, 
and  from  the  left  si(ie  to  the  system.  It  will  not  be  necessary, 
therefore,  to  separate  the  two  circnlations  in  our  study  of 
their  mechanism;  ibr  the  simultaneona  action  of  both  ^ides 
of  the  heart  enables  na  to  stndy  its  fiinctions  as  a  iingle 
oi^an,  and  the  constitution  and  operations  of  the  two  kinds 
of  vessels  do  not  present  any  material  differences. 

For  convenience  of  study^  the  circulatory  system  may  be 
divided  into  hart  and  t'mmh^  the  latter  being  of  three 
kinds ;  the  arUrks^  which  carry  Wood  irom  the  heart  to  the 
system ;  the  eapiUaries^  which  distribute  the  blood  more  or 
loss  abundantly  in  different  parts  of  the  system ;  and  tlie 
^n^j  which  return  the  blood  from  the  system  to  the  heart* 
The  function  of  each  of  these  divisions  may  be  considered 
separately. 

Aetimi  of  the  MeaH. 

Phjdologlcal  Anatmny  of  ths  Heart — The  heart  of  the 
human  subject  is  a  pear-shaped,  muscular  organ,  sitnatedj 
in  the  thoracic  cavity^  with  its  base  about  in  the  niediaii' 
line,  and  it-s  apex  at  the  fifth  intercostal  spacCj  midway  be- 
tween the  median  line  and  a  perpendicular  droppet]  tlirou^h 
the  left  nipple*  lU  weight  is  from  8  to  10  ounces  in  the 
female^  and  from  10  to  12  onnces  in  the  male.  It  has  four 
distinct  cavities :  a  right  and  a  left  auricle,  and  a  right  and 
a  left  ventricle-  Of  these,  the  ventricles  are  the  more  capa- 
cions.  The  heart  is  held  in  place^  or  may  be  said  to  be 
attached,  by  the  great  vessels,  to  the  posterior  wall  of 
thorax,  wliile  the  apex  is  free  and  capable  of  a  certain  de 

^  Id  gome  unimals,  as  ihis  dugoog,  th^  dblaion  between  the  two  iidM  of  thit  ■ 
heart  i3  VL'ry  marked.    The  hemrt  i»  really  doublei  huTing  two  poinu,  the  two 
€ide&  jomed  together  oidj  at  the  bosi^. 
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of  motion.  The  whole  organ  is  enveloped  in  a  fibrons  sac 
called  the  pericardium,  lined  by  a  serous  membrane  which  is 
attached  to  the  great  vessels  at  the  base  and  reflected  over  its 
surface.  This  sac  is  lubricated  by  a  drachm  or  two  of  fluid,  so 
that  the  movements  are  normally  accomplished  without  any 
firiction.  The  serous  pericardium  does  not  present  any  difier- 
ences  from  serous  membranes  in  other  situations.  The  cav- 
ities of  the  heart  are  lined  by  a  smooth  membrane,  called  the 
endocardium,  which  is  continuous  with  the  lining  membrane 
of  the  blood-vessels. 

The  Tight  auricle  receives  the  blood  from  the  venae  cavse 
and  empties  it  into  the  right  ventricle.    The  auricle  presents 
a  principal  cavity  or  sinus,  as  it  is  called,  with  a  little  appen- 
dix, called,  from  its  resemblance  to  the  ear  of  a  dog,  the 
auricular  appendix.    It  has  two  large  openings  for  the  vena 
cava  ascendens  and  the  vena  cava  descendens,  with  a  small 
opening  for  the  coronary  vein,  which  brings  the  blood  from 
the  substance  of  the  heart  itself.    It  has,  also,  another  large 
opening,  called  the  auriculo-ventricular  opening,  by  which 
the  blood  flows  into  the  ventricle.     The  walls  of  this  cavity 
are  quite  thin  as  compared  with  the  ventricles,  measuring 
about  one  line.     They  are  constituted  of  muscular  fibres 
which  are  arranged  in  two  layers ;  one  of  which,  the  external, 
is  common  to  both  auricles,  and  the  other,  the  internal,  is 
proper  to  each.     These  muscular  fibres,  though  involuntary 
in  their  action,  belong  to  the  striped,  or  what  is  termed  vol- 
untary, variety,  and  are  similar  in  structure  to  the  fibres  of 
the  ventricles.     The  fibres  of  the  auricles  are  nmch  fewer 
than  those  of  the  ventricles.    Some  of  them  are  looped,  arising 
from  a  cartilaginous  ring  which  separates  the  auricles  and 
ventricles,  and  passing  over  the  auricles ;  and  others  are  cir- 
cular, surrounding  the  auricular  appendages  and  the  openings 
of  the  veins,  extending,  also,  a  short  distance  along  the  course 
of  these  vessels.     One  or  two  valvular  folds  are  found  at  the 
orifice  of  the  coronary  vein,  preventing  a  reflux  of  blood ;  but 
there  are  no  valves  at  the  orifices  of  the  yense  cavro. 
12 
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The  left  auricle  reeejTcs  the  blood  wbich  comes  from  tie 
lungs  by  tbe  pulmonary  veins.  It  does  not  tbfler  materially 
in  its  anatomy  from  tlie  right.  It  ifl  a  little  smaller,  and  it« 
walls  are  tliicker,  measuring  about  a  line  and  a  half.  It  has 
foar  openings  by  which  it  receives  the  blood  from  the  four  pul- 
monary veins.  These  openings  are  not  provided  with  Talv€&  | 
Like  the  right  auricle,  it  has  a  large  opening  by  wliich  the 
blood  flows  into  the  left  ventricle.  The  arrangement  of  the 
muscular  fibres  is  essentially  tbe  same  as  in  the  right  auricle* 

In  adult  life  the  cavities  of  the  auricles  are  entirely 
distinct  trora  each  other.  Before  birth  they  communicate 
by  a  large  opening,  the  foramen  ovale^  and  tbe  orifice  of 
the  inferior  vena  cava  is  provided  with  a  membranous  fold, 
the  Eustachian  valve,  wliieh  serves  to  direct  the  blood  from 
the  lower  part  of  the  body  through  this  foramen  into  the 
left  auricle.  After  birth  the  Ibramen  ovale  ib  dosed,  and  the 
Eustachian  valve  gradually  disappeai's* 

Th£  mrUrieiss^  in  the  human  subject  and  in  warm-blooded  1 
ammalsj  constitute  the  bulk  of  the  heart  Tbey  have  a  ca- 
pacity gomewhat  greater  tliau  that  of  the  auricles,  and  are 
provided  with  thick  muaeular  walls.  It  ia  by  the  ^werfiil 
action  of  this  portion  of  the  heart  that  the  blood  is  forced,  on 
the  one  hand,  to  the  lun^  and  back  to  the  left  side,  and  on 
the  other,  tlirough  the  entire  system  of  the  greater  ciix'ulation 
to  the  right  side.  It  was  supposed  by  Legallois  *  that  the 
capacity  of  the  right  ventricle  was  considerably  greater  than 
the  left,  while  the  more  recent  observations  of  Bouillaud'  oni 
the  human  heart,  seem  to  slio^v  that  there  is  no  great  differ- 
ence between  the  two  sides  in  this  regard.  The  most  recent 
and  con  clue  ive  observationfl  on  tins  subject  are  those  of  Hit 
febheim  and  Robin/  In  these  experiments  tlie  eavitiee 
were  tilled  with  an   injection  of  wax^  and  the  estimates 


mmimOes  mr  rAmdmiie  d  in  i'A^n^pirwTM  de  ftHe  Orpans^  Pipjb,  1841,  tome  l»  p.  54. 
'  Journal  di  VAmUamk  et  de  la  Ph^ioio^^  Farifl,  juIUt<  1804,  pi.  413. 
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made  by  calculating  the  amount  of  liquid  displaced  by  the 
moulds  of  the  different  cavities.     Care  was  taken  to  make 
the  injection  in  animals  before  cadaveric  rigidity  set  in,  or 
after  it  had  passed  away  in  the  human  subject.     The  com- 
parative results  obtained  by  these  observers  are  the  most 
interesting,  for  the  cavities  were  undoubtedly  distended  by 
the  injection  to  their  extreme  capacity,  and  contained  more 
than  they  ever  do  during  life.     They  found  the  capacity  of 
the  right  auricle  from  iV  *^  1  greater  than  that  of  the  left. 
The  capacity  of  the  right  ventricle  was  from  Vir  ^^  t  greater 
than  that  of  the  left,  but  more  frequently  there  was  less  dis^ 
parity  between  the  two  ventricles  than  between  the  auricles. 
The  capacity  of  each  ventricle  exceeded  that  of  the  corre- 
sponding auricle  by  from  i  to  -J.    Nine  times  out  of  ten,  this 
predominance  of  the  ventricle  was  more  marked  on  the  left 
aide.     The  absolute  capacity  of  the  left  ventricle,  according 
to  these  observations,  is  from  143  to  212  cubic  centimeters, 
which  is  about  4*8  to  7  ounces.     This  is  much  greater  than 
most  estimates,  which  place  the  capacity  of  the  various  cavi- 
ties, moderately  distended,  at  about  2  ounces.    The  estimates 
of  Volkmann  and  Valentin  are  about  equal  to  those  we  have 
dted. 

In  spite  of  the  disparity  in  the  extreme  capacity  of  the 
▼arious  cavities,  the  quantity  of  blood  which  enters  the  caT- 
ities  is  necessarily  equal  to  that  which  is  expelled.  This  is  given 
in  the  "Cyclopaedia  of  Anatomy  and  Physiology"  (vol.  ii., 
p.  585)  as  a  little  more  than  two  ounces.    There  are  no  means 
of  estimating  with  exactness  the  quantity  of  blood  discharged 
with  each  ventricular  contraction ;  and  we  find  the  question 
rather  avoided  in  works  on  physiology.    All  we  can  say  is, 
that  fipom  observation  on  the  heart  during  its  action,  it  never 
seems  to  contain  much  more  than  half  the  quantity  in  all  its 
cavities  that  it  does  when  lully  distended  by  injection ;  but 
it  is  the  right  cavities  which  are  mofet  dilatable,  and  prob- 
ably the  ordinary  quantity  of  blood  in  the  left  ventricle  is 
within  one-fiftli  or  one-sixth  of  its  extreme  capacity. 
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The  cavities  of  the  ventrieleB  are  triangular  or  conoidal; 
tlie  right  being  broader  and  shorter  than  the  left,  wluch  ex-J 
tends  to  the  apex.  The  inner  surface  of  both  cavities  is 
marked  hj  peculiar  ridges  and  papLUDp,  which  are  called  the 
cdumnm  carnsm.  Some  of  these  are  mere  fleshj  ridges  pro 
jecting  into  the  cavity ;  othere  are  columns  attaehed  by  each 
extr^raitT  and  free  at  the  central  portion ;  and  othera  are 
papiUffi  giving  origan  to  the  ckordm  t^idinew^  wlueh  are  atr 
tached  to  the  free  edges  of  tha  auriculo-ventricular  valves, 
Tliese  fleshy  columns  interlace  in  every  direction,  and  givi 
the  inner  surface  of  the  cavities  a  reticulated  appearance/] 
This  arrangement  evidently  facilitates  the  complete  emptying 
of  the  ventricles  during  their  contraction,  h 

Tlie  walls  of  the  left  ventricle  nm  uniformly  much  thickei^l 
than  the  right.     Bouillaud  found  the  average  thickness  of 
the  riglit  ventricle  at  the  base  to  be  %^  lines,  and  the  thick- 
ness  of  the  left  ventricle  at  the  corresponding  part  7  lines. 

The  an'ungement  of  the  muscular  fibreii  constituting  th< 
walls  of  the  ventricles  is  more  I'egular  than  in  the  auricle 
and  their  course  enables  ua  to  explain  some  of  the  phenomd 
ena  which  accompany  the  heart's  action.     The  direetion  o| 
the  fibres  cannot  be  well  made  out  unless  the  heart  has  bee 
boiled  for  a  nimiher  of  hours,  when  part  of  the  intermna 
culaJ'  tissue  is  dissolved  out,  and  the  fibres  can  be  easily  sep- 
arated and  followed*     Without  going  into  a  minnte  descrip- 
tion of  their  direction,  it  is  sufficient  to  Btate^  in  this  eou^ 
section,  that  they  present  two  principal  layers:  a  super 
ficial  layer  common  to  both  ventricles,  and  a  deep  lave 
proper  to  each*     The  superficial  fihrcs  pass  obliquely  troE 
right  to  left  from  the  base  to  the  apex;  here  they  take  a 
spiral  collide,  become  deep,  and  pass  into  the  interior  of  the 
organ  to  form  the  columnie  camese.     These  filires  envelop 
both  ventricles.    They  may  Ije  said  to  arise  from  eartihigmoas 
rings  which  siuroimd  tlie  auricnlo-ventricnhir  orificas*     The 
external  surfat^e  of  the  heart  is  marked  by  a  little  groovo 
which  indicates  the  division  l>etween  the  two  ventiicles. 
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The  deep  fibres  are  circular,  or  transverse,  and  surround 
each  ventricle  separately. 

The  muscular  tissue  of  the  heart  is  of  a  ^^  ^ 

deep  red  color,  and  resembles,  in  its  gross 
characters,  the  tissue  of  ordinary  voluntary 
nniscleB ;  but,  as  ah-eady  intimated,  it  pre- 
sents certain  peculiarities  in  its  minute  anat- 
omy. The  fibres  are  considerably  smaller 
and  more  granular  than  those  of  ordinary 
muscles.  They  are,  moreover,  connected  witli 
each  other  by  short  inosculating  branches, 
vHle  in  the  voluntary  muscles  each  fibre  runs 
uom  its  on£:in  to  its  insertion  enveloped  m  ^  fl?ro»  ihMii  the  hu- 

«3  -t  man  heart  (After  Kol- 

it8  proper  sheath,  or  sarcolemma.    In  the     *^cr.) 
heart  the  fibres  have  no  sarcolemma.*     Tliese  peculiarities, 
particularly  the  inosculation  of  the  fibres,  favor  the  contrac- 
tion of  the  ventricular  walls  in  every  direction,  and  the  complete 
expulsion  of  the  contents  of  the  cavities  with  every  systole. 

Each  ventricle  has  two  orifices :  one  by  which  it  receives 
the  blood  from  the  auricle,  and  the  other  by  which  the  blood 
passes  fi'om  the  right  side  to  the  lungs,  and  from  the  left  side 
to  the  system.  All  of  these  openings  are  provided  with  valves, 
which  are  so  arranged  as  to  allow  the  blood  to  pass  in  but 
one  direction. 

Tricuspid  Valve. — This  valve  is  situated  at  the  right 
auricnlo- ventricular  opening.  It  has  three  curtains,  formed 
ofatliin  but  resisting  membrane,  which  are  attached  around 
the  opening.  The  free  borders  are  attached  to  the  chordae 
tendineae,  some  of  which  arise  from  the  papillae  on  the  inner 
surface  of  the  ventricle,  and  others  directly  from  the  walls  of 

'  RomH  states  (DicHonnaire  de  Medecine^  etc.y  de  F.  I£.  Nysien^  omUme  SdiHon 
P^  E.  littr^  et  Ch.  Robin.  Coeur.)  that  the  fibres  of  the  heart  have  no  sarco- 
^**oa*,  which  I  believe  to  be  the  fact,  though  KdlUker  {Manual  of  Microscopic 
■4*atomy,  London,  1860,  p.  477)  says :  "  Their  sarcolemma  is  very  delicate^  or  even 
^1  not  be  demonstrable  at  all,  except  by  the  aid  of  reagents." 
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the  Tentricle.    Wlieii  the  organ  m  empty,  these  cTntains  :ife 
applied  to  the  walls  of  the  ventricle^  leaving  the  anrienlQ 
ventricular  opening  i'reo;   Init  when  the  ventricle  is  con 
pbtelj  tilled,  and  the  fibres  conti'act,  they  are  forced  up,  the 
fme  edges  become  applied  to  each  other,  and  the  opening 
closed, 

Ptilmmiw  Valves, — These  yalves,  also  called  the  Bcmt 
lunar  or  sigmoid  valvea  of  the  right  side,  are  situated  at  the 
orifice  of  the  pulmonary  arteiy.  They  are  strong  membra- 
nous pouches,  with  their  convexities,  when  clo&ed,  loukmg 
towards  tlie  ventriele.  They  are  attache^l  around  the  orifice 
of  the*ptilmonary  artery,  and  are  applied  veiy  nearly  to 
wails  of  the  vessel  when  the  blood  parses  in  fi-oin  the  Vi 
tricle ;  but  at  other  times  their  free  edges  meet  in  the  eeni 
forming  an  effectual  bamer  to  regurgitation.  In  the  centre 
of  the  free  edge  of  each  valve  is  a  little  corpuscle  calle<l  the 
corpu^cie  of  Aranima  ;  and  just  above  these  points  of  attach- 
ment, the  artery  presents  three  little  dilatations,  or  siuuses, 
called  the  sinuses  of  Valsalva,  The  corpuscles  of  Arantius 
have  been  supposed  to  facilitate  the  closure  of  the  valves  by 
shghtly  removing  them  from  the  walls  of  the  yessel,  so  that 
the  blood  may  get  beliind  them.  This,  however,  is  probal 
not  their  function.  They  aid  in  the  adaptation  of  the  yal 
to  each  other,  and  the  etl'ectual  closure  of  the  orifice, 
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Miirai  Vaive. — This  valve,  sometimes  called  the  bicnspidj 
is  situated  at  the  left  aurieulo-ventricidar  orifice.  It  is  called 
mitral  from  its  resemblance,  when  open*  to  a  bishop's  mitre. 
It  is  attached  to  the  edges  of  the  openings  and  its  free  borders 
are  held  in  place  when  closed  by  the  chordse  tendineie  of  tli© 
left  side.  It  presents  no  material  difference  from  the  tri- 
cuspid valve,  with  tlie  esceptiou  that  it  is  dividetl  into  two 
ctutains  instead  of  three. 

Aortic  Valves, — These  valves,  also  called  the  seniilunfi 
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or  sigmoid  valves  of  the  left  side,  present  no  difference  from 
the  valves  at  the  orifice  of  the  pulmonary  artery.  They  are 
sitaated  at  the  aortic  orifice. 

The  physiological  anatomy  of  the  tricuspid  and  mitral 
valves  may  be  studied,  by  cutting  away  the  auricles  so  as  to 
expose  the  auriculo-ventricular  openings,  introducing  a  pipe 
into  the  pulmonary  artery  and  aorta,  after  destroying  the 
Bemilnnar  valves,  and  then  forcing  water  into  the  ventricles 
by  a  Byringe  or  from  a  hydrant.  In  this  way  the  play  of  the 
valves  will  be  beautiftdly  exhibited. 

We  can  study  the  action  of  the  semilunar  valves,  by 
catting  away  enough  of  the  ventricles  to  expose  them,  and 
forcing  water  into  the  vessels.  These  experiments  give  an 
idea  of  the  immense  strength  of  the  valves;  for  they  can 
hardly  be  ruptured  by  a  force  which  is  not  sufficient  to  rup- 
ture the  vessels  themselves. 


Mc/oementB  of  the  Ilea/rt. 

In  studying  the  phenomena  which  accompany  the  action 
of  the  heart,  we  shall  follow  the  course  of  the  blood,  begin- 
ning with  it  as  it  flows  from  the  vessels  into  the  auricles. 
The  dilatation  of  the  cavities  of  the  heart  is  called  the  diastole^ 
*Hd  their  contraction  the  systole.    When  these  terms  are 
^Jaed  without  any  qualification,  they  are  understood  as  refer- 
^ng  to  the  ventricles ;  but  they  are  also  applied  to  the  action 
^f  the  auricles,  as  the  auricular  diastole  or  systole,  which,  as 
"^^  shall  see,  is  distinct  from  the  action  of  the  ventricles. 

A  complete  revolution,  so  to  speak,  of  the  heart  consists 
*0.the  filling. and  emptying  of  all  its  cavities,  during  which 
"tt^ey  experience  an  alternation  of  repose  and  activity.  As 
"^liese  phenomena  occupy,  in  many  warm-blooded  animals,  a 
X^^riod  of  time  less  than  one  second,  it  will  be  appreciated 
"•^l^at  the  most  careftil  study  is  necessary  in  order  to  ascertain 
"ttieir  exact  relations  to  each  other.  When  the  heart  is  ex- 
X^<:»ed  m  a  living  animal,  the  most  prominent  phenomenon 
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is  the  alternate  contraction  and  relaxation  of  the  ventricles ; 
but  this  is  only  one  of  the  operations  of  the  oi^n.  In  any 
of  the  class  of  mammals  the  anatomy  and  action  of  the  vasr- 
cular  system  are  to  all  intents  and  purposes  the  same  as  in 
the  human  subject ;  and  though  the  exposure  of  the  heart  by 
opening  the  chest  modifies  somewhat  the  force  and  frequency 
of  its  pulsations,  the  various  phenomena  follow  each  other 
in  their  natural  order,  and  present  essentially  their  normal 
characters.  The  operation  of  exposure  of  the  heart  may  be 
performed  on  a  living  animal  without  any  great  difficulty ; 
and  if  we  simply  take  care  to  keep  up  artificial  respiration, 
the  action  of  the  heart  will  continue  for  a  considerable  time,* 
We  may  keep  the  animal  quiet  by  the  administration  of 
ether,  or  by  poisoning  with  woorara,  the  latter  agent  acting 
upon  the  motor  nerves,  but  having  no  efiect  upon  the  heart. 
Having  opened  the  chest,  we  see  the  heart  enveloped  in  its 
pericardium,  regularly  performing  its  functions;  and  on 
slitting  up  and  removing  this  covering,  the  various  parts  are 
completely  exposed.  The  right  ventricle  and  auricle,  and 
a  portion  of  the  left  ventricle,  can  be  seen  ^vithout  disturbing 
the  position  of  the  parts;  but  the  greater  part  of  the  left 
auricle  is  concealed.  As  both  auricles  and  ventricles  act 
together,  the  parts  of  the  heart  which  are  exposed  are  suffi- 
cient for  purposes  of  study. 

Action  of  the  Auricles. — ^Excepting  the  short  time  occu- 
pied in  the  contraction  of  the  auricles,  these  cavities  are  con- 
tinually receiving  blood  on  the  right  side  from  the  system, 
by  the  venai  cavse,  and  on  the  left  side  from  the  lungs,  by 
the  pulmonary  veins.  This  continues  until  their  cavities  are 
completely  filled,  the  blood  coming  in  by  a  steady  current ; 
and  during  the  repose  of  the  heart,  the  blood  is  also  flow^ing 

*  For  a  full  description  of  the  operations  for  exposing  the  heart  in  living  ani- 
mals, the  reader  is  referred  to  an  article  by  the  author  in  the  American  Journal 
of  the  Medical  Sciences^  October,  1861,  entitled  Experimental  Researches  an  points 
connected  with  the  Action  of  the  Heart  and  with  Respiration. 
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through  the  patent  auriculo-veutriciilar  orifices  into  the  ven- 
tricles.   When  the  auricles  have  become  fully  distended,  they 
contract  quickly  and  with  considerable  power  (the  auricular 
systole),  and  force  the  blood  into  the  ventricles,  effecting  the 
complete  diastole  of  these  cavities.    During  this  contraction, 
the  blood  not  only  ceases  to  flow  in  from  the  veins,  but  some 
of  it  is  r^urgitated,  as  the  orifices  by  which  the  vessels  open 
into  the  auricles  are  not  provided  with  valves.     The  size  of 
the  auriculo-ventricular  orifices  is  one  reason  why  the  greater 
portion  of  the  blood  is  made  to  pass  into  the  ventricles ;  and 
furthermore,  during  the  auricular  systole,  the  muscular  fibres 
vhich  are  arranged  around  the  orifices  of  the  veins  constrict 
them  to  a  certain  extent,  which  tends  to  diminish  the  reflux  of 
blood.    There  can  be  no  doubt  that  some  regurgitation  takes 
place  from  the  auricles  into  the  veins,  but  this  prevents  the 
possibility  of  over-rdistention  of  the  ventricles. 

It  has  been  shown  by  experiments  that  the  systole  of  the 
auricles  is  not  immediately  necessary  to  the  performance  of 
the  circulation.  M.  Marey,*  in  a  recent  work  on  the  circu- 
lation, cites  an  experiment  of  Chauveau  in  which  the  con- 
tractility of  the  auricles  was  temporarily  exhausted  by  pro- 
longed irritation ;  nevertheless  the  ventricles  continued  to  act 
wid  keep  up  the  circulation. 

Action  of  the  Ventricles. — Immediately  following  the 
<»iitraction  of  the  auricles,  which  has  the  effect  of  producing 
^^mplete  distention  of  the  ventricles,  we  have  the  contraction 
of  the  ventricles.  This  is  the  chief  active  operation  performed 
by  the  heart,  and  is  generally  spoken  of  as  the  systole.  As 
^0  should  expect  from  the  great  thickness  of  the  muscular 
^sMs,  the  contraction  of  the  ventricles  is  very  much  more 
powerful  than  that  of  the  auricles.  By  their  action,  the  blood 
w  forced  from  the  right  side  to  the  lungs  by  the  pulmonary 
^ftery,  and  from  the  left  side  to  the  system  by  the  aorta, 
^^gurgitation  into  the  auricles  is  effectually  prevented  by  the 

'  Mab£T,  Circulation  du  8ang^  Fans,  1863,  p.  30. 
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dosore  of  the  tricnspid  and  mhnl  TilmesL  This  let  aocom- 
pliahed«  the  heart  has  a  period  of  fepoee^  the  Uood  flowing 
into  the  aorieleSf  and  from  them  into  die  Tentrieles,  untQ  the 
auricles  are  £IIed,  and  another  cootraetiaii  takes  ^ace. 

Locf/TMAion  of  the  Heart. — ^The  poatk>n  of  the  heart  after 
deatli^  or  daring  the  repose  of  the  <»gan,  i&  with  its  base  di- 
rected sUgfatly  to  the  right*  and  its  apex  to  die  kft  side  of 
the  body;  bat  with  each  vaitricolar  systole^  it  raises  itself 
ap«  the  apex  is  sent  forward,  and  mored  a  little  from  left  to 
right.  The  movement  fr(»n  left  to  ri^t  is  a  necessary  con- 
sequence of  the  course  of  the  soperficial  fibres^  The  fibres 
on  the  anterior  surface  of  the  organ  are  longer  than  those  on 
the  posterior  surface^  and  pass  from  the  base,  which  is  com- 
paratively fixed,  to  the  apex,  which  is  movable.  From  this 
anatomical  arrangement  the  heart  is  moved  upwards  and 
forwards.  Their  course,  fix>m  the  base  to  the  apex,  is  from 
right  to  left ;  and  as  they  shorten,  the  apex  is  of  necessity 
slightly  moved  from  left  to  right 

Tlie  locomotion  of  the  entire  heart  forwards  was  observed 
by  Harvey  in  the  case  of  the  son  of  the  Viscount  Montgom- 
ery. The  young  man,  aged  about  nineteen  years,  suffered  a 
severe  injury  to  the  chest,  resulting  in  an  abscess,  which  on 
cicatrization  left  an  opening  into  which  Harvey  could  intro- 
duce three  fingers  and  the  thumb.  This  opening  was  directly 
over  the  apex  of  the  heart.  The  action  of  the  portion  of  the 
heart  thus  exposed  is  described  by  BLarvey  in  the  following 
wordn : 

"  We  also  particularly  observed  the  movements  of  the 
heart,  \\z. :  that  in  the  diastole  it  was  retracted  and  with- 
drav^Ti;  whilst  in  the  systole  it  emerged  and  protruded; 
and  the  systole  of  the  heart  took  place  at  the  moment  the 
diastole  or  pulse  in  the  wrist  was  perceived.  To  conclude,  the 
heart  struck  the  walls  of  the  chest,  and  became  prominent  at 
the  time  it  bounded  upward  and  underwent  contraction  on 
itsolf."' 

*  Hartkt,  op.  cit,  p.  884. 
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The  locomotion  of  the  heart  takes  place  in  the  direction 
of  its  axis,  and  is  dne  to  the  sudden  distention  of  the  great 
vessels  at  its  base.    These  vessels  are  eminently  elastic,  and 
as  they  receive  the  charge  of  blood  from  the  ventricles,  be- 
come enlarged  in  every  direction,  and  consequently  project 
the  entire   organ  against  the  walls  of   the  chest.      This 
movement  is  somewhat  aided  by  the  recoil  of  the  ventricles 
as  they  discharge  their  contents.     The  displacement  of  the 
heart  daring  its  systole  has  long  been  observed  in  vivisec- 
tions, and  may  be  demonstrated  in  any  of  the  mammals. 
The  most  interesting  observations  on  this  point  are  those  of 
Chanvean  and  Faivre,  which  were  made  npon  a  monkey. 
h,  this  animal,  in  which  the  position  of  the  heart  is  very 
much  the  same  as  in  the  human  subject,  the  locomotion  of 
the  organ  was  ftilly  established.* 

Twisting  of  the  Heart. — The  spiral  course  of  the  super- 
fidal  fibres  would  lead  us  to  look  for*  another  phenomenon 
woompanying  its  contraction,  namely,  twisting.  If  we 
attentively  watch  the  apex  of  the  heart,  especially  when  its 
action  has  become  a  little  retarded,  there  is  a  palpable  twist- 
ing of  the  point  upon  itself  from  left  to  right  with  the  systole, 
^d  an  untwisting  with  the  diastole. 

Hardening  of  the  Heart. — If  the  heart  of  a  living  ani- 
^^  be  grasped  by  the  hand,  it  will  be  observed  that  at  each 
Systole  it  becomes  hardened.  The  fact  that  it  is  composed 
^Unost  exclusively  of  libres  resembling  very  closely  those  of 
^*ie  voluntary  muscles,  explains  this  phenomenon.  Like  any 
^tier  muscle,  during  contraction  it  is  sensibly  hardened. 

Shortening  cmd  Elongation  of  the  Heart. — ^The  foregoing 
^lienomena  are  admitted  by  all  writers  on  physiology,  and 

*  NowseUtM  Rteherches  experimentales  aur  le8  MouvemenU  et  les  BruiU  fwr^ 
'^ViMX  iu  CoBur,  envisages  au  point  de  vue  de  la  Phyaiologie  Medicate,  Par  A« 
^^UT»AU  ei  J.  FaItre.    Paris,  1856,  p.  24. 
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can  easily  be  observed ;  but  the  change  in  length  of  the  heart 
during  its  systole  has  been,  and  is  now,  a  matter  of  discussion. 
All  who  have  studied  the  heart  in  action  have  observed 
changes  in  length  during  contraction  and  relaxation ;  but  the 
contemporaries  of  Harvey  were  divided  as  to  the  periods  in 
the  heart's  action  which  are  attended  with  elongation  and 
shortening.  Harvey  liimself  is  not  absolutely  definite  on  this 
point.  In  one  passage  he  says,  in  describing  the  systole, 
"  that  it  is  everywhere  contracted,  but  especially  towards  the 
sides,  so  that  it  looks  narrower,  relatively  longer^  more  drawn 
together."  *  In  his  description  of  the  case  of  the  Viscount 
Montgomery,  who  suffered  from  ectopia  cordis^  he  states  that 
during  the  systole,  the  heart  "  enderged  and  protruded."  *  Ve- 
salius,  Eiolan,  Fontana,  and  some  others,  contended  for  elon- 
gation during  the  systole;  but  Haller,  Steno,  Lancisi,  and 
Bassuel  contended  that  it  shortened.  The  view  generally 
entertained  at  the  present  day  is  that  the  heart  becomes 
shorter  during  its  systole ;  but  there  are  some  eminent  au- 
thorities who  hold  an  opposite  opinion.  Among  the  lattar 
may  be  mentioned  Drs.  Pennock  and  Moore,  who  made  a 
great  number  of  experiments  on  the  action  of  the  heart  in 
sheep  and  young  calves.  These  experiments  were  made  in 
Philadelphia  in  1839,  and  it  was  apparently  demonstrated 
that  the  heart  elongated  to  such  a  marked  degree,  that  the 
distance  could  be  measured  with  a  shoemaker's  rule.  In  one 
experiment  (a  ewe  one  year  old),  the  elongation  was  a  quarter 
of  an  inch.*  Of  all  the  writers  of  systematic  works  on  phy- 
siology, Prof.  Dalton  is  the  only  one,  as  far  as  we  know,  who 
accepts  this  view.*    The  experiments  of  this  observer  appa- 


*  Ha-Rvet's  Works,  published  by  the  Sydenham  Society,  p.  21. 
■  Ibid.,  p.  384. 

'  Hope,  on  the  Heart,  American  Edition  by  Pennock,  Philadelphia,  1846, 
p.  59. 

*  Dalton,  A  Treatise  on  Iluman  Physiology^  Philadelphia,  1864,  third  edition, 
pp.  276,  276.  The  heart  of  the  eel  is  said  by  Haller  to  elongate  during  its 
ventricular  systole,  though  this  is  denied  by  Fontana  {Memoires  de  Haller^  Lau- 
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rently  confirm  those  of  Drs.  Pennock  and  Moore.     Some 
experiments  made  by  the  author  a  few  years  ago,  published 
in  the  "  American  Journal  of  Medical  Sciences,"  Oct.  1861, 
had  apparently  the  same  result.     There  is  no  doubt  that  the 
point  of  the  heart  is  protruded  during  the  ventricular  systole, 
as  the  experiments  referred  to  conclusively  prove ;  but  the 
anihor  was  led  by  the  perusal  of  recent  experiments  by  Chau- 
veau  and  Faivre,  to  recognize  the  fact  that  this  protrusion  is 
probably  due  to  other  causes  than  the  elongation  of  the  ven- 
tricles, and  that  dwring  the  systole  the  ventricles  are  short- 
mi.    The  experiment  cited  by  these  eminent  physiologists 
ia  very  simple  and  conclusive.     It  is  made  by  suddenly 
cutting  the  heart  out  of  a  warm-blooded  animal,  and  watch- 
ing the  phenomena  which  accompany  the  few  regular  con- 
tractions which  follow.      They  found  that  the  ventricles 
invariably  shortened  during  the  systole.    This  could  easily 
^  appreciated  by  the  eye,  but  more  readily  if  the  point 
of  the  organ  were  brought  just  in  contact  with  a  plane 
surface   at    right   angles,   when  at  each  contraction  it  is 
unmistatably  observed   to  recede.*      This  experiment  we 
lave  lately  repeated  before  the  class  of  the  Bellevue  Hos- 
pital Medical  College,  and  have  satisfied  ourselves  of  its 
accuracy.    A  large  Newfoundland  pup,  about  nine  months 
^W,  was  poisoned   with    woorara,  artificial  respiration  was 
^ept  up,  and  the  heart  exposed^     After  showing  the  protru 
^on  of  the  point  and  the  apparent  elongation  while  in  the 

****Xiei,  1760,  tome  iii.,  p.  224) ;  but  in  experimenting  on  the  organ  after  excision, 
^*  position  in  which  it  ia  held  is  important  If,  for  example,  we  take  the  heart 
^  ^  turtle  between  the  thumb  and  finger  and  hold  it  with  the  point  upwards,  the 
^^tride  is  so  thin  and  flabby  that  it  will  become  flattened  during  the  intervals 
^^ontracdon,  and  the  point  will  be  considerably  elevated  at  each  systole ;  but  if 
^  reverse  the  position  and  allow  the  point  to  hang  down,  it  will  be  drawn  up  and 

*^  ventricle  will  shorten  with  the  systole. 

*  Ghauvxav  et  Faivrk,  op.  cit.y  p.  14.    These  observers   show  the  shorten 

7^  of  the  heart  daring  its  systole  by  holding  it  by  the  great  vessels  with  the  pomt 

/^^u   It  is  more  free  from  sources  of  error  to  observe  the  phenomena  as  the 

^***tlie8  on  a  flat  surface. 
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cliestj  the  organ  was  rapidl  j  removed,  pkeed  upon  the  table, 
and  oonfined  hj  two  long  needles  passed  through  the  base, 
pinning  it  to  the  wood.  It  contracted  lor  one  or  two  min- 
utes; and  at  each  tijatolc,  the  ventricles  were  manifestly 
shortened,  Tlie  pohit  was  then  placed  agaiiifit  an  npright, 
and  it  reooded  with  each  systole  about  an  eighth  of  an  inch- 
This  phenomenon  wa&  apparent  to  all  present. 

In  another  experiment,  performed  a  few  weeks  later^  tlie 
heart,  which  had  been  exposed  in  the  same  way,  was  exam- 
ined m  din  by  pinning  it  with  two  needles  to  a  thin  board 
passed  under  the  organ.  The  proaence  of  these  needles  did 
not  seem  to  iuterfara  with  the  heart's  action,  and  at  each 
ventricular  systole  the  point  evidently  approached  the  base. 
To  render  this  absolutely  certain,  a  knife  was  fixed  in  the 
wood  at  right  angles  to  and  touching  the  point  during  the 
diastole,  and  a  small  silver  tube  was  introduced  thniugh  the 
walls  into  the  left  ventricle.  At  each  contraction,  a  jet  of 
blood  spurted  out  through  the  tube,  and  the  point  of  the  heart 
receded  from  tiie  knife  about  an  eight !i  of  an  inclb  The 
animal  experimented  upon  was  a  dog  a  Httle  above  the  me- 
dium size. 

These  simple  experiments  demonstrate  that,  in  the  dog 
at  least,  the  Tentricles  shorten  dimng  their  systole.  The 
arrangement  of  tlie  muscular  tihres  is  too  nearly  identical  in 
the  heart  of  the  warm-blooded  animale  to  leave  room  for 
doubt  that  it  also  shortens  in  the  human  subject. 

The  error  whicli  has  arisen  in  this  r<^pect,  and  which 
ohtained  in  our  former  experiments,  is  due  to  the  locomotion 
and  protrusion  of  the  entire  organ,  so  as  to  make  the  point' 
strike  against  the  chest-     A  little  reflection  indicates  the 
mechanism  of  this  phenomenon.     During  the  intervals  of 
eontraclion,  the  great  vessels^  particularly  the  aorta  and  pul- 
monary artery,  which  attach  the  base  of  the  heart  to  the  pos*^ 
tenor  wall  of  the  thorax,  are  tilled^  but  not  distended,  witt/" 
blood  J  at  each  systole,  however,  these  vessels  are  distended 
to  their  utmost  capacity;  their  elastic  coats  permit  of  cuii* 
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Biderable  enlargement,  as  can  be  seen  in  the  living  animal, 
and  this  enlargement,  taking  place  in  every  direction,  pushes 
the  whole  organ  forward.  We  have  also  considerable  loco- 
motion of  the  heart  from  recoil.  It  is  for  this  reason  that, 
observing  the  heart  in  sttUy  the  ventricles  seem  to  elongate, 
and  an  instrument  applied  to  it  apparently  indicates  removal 
of  the  apex  from  the  base.  It  is  only  when  we  examine  the 
heart  firmly  fixed,  or  contracting  after  it  is  removed  from  the 
body,  that  we  can  appreciate  the  actual  changes  which  occur 
in  the  length  of  the  ventricles.* 

In  addition  to  these  marked  changes  in  form,  position, 
etc.,  which  the  heart  undergoes  during  its  action,  we  observe, 
oa  careful  examination,  that  the  surface  of  the  ventricles 
becomes  marked  with  slight  longitudinal  ridges  during  the 
ByBtole.  This  was  not  observed  by  Harvey,  but  is  men- 
tioned by  Haller.' 

Impulse  of  the  Heart. — ^Each  movement  of  the  heart  pro- 

dnces  an  impulse,  which  can  be  readily  felt  and  sometimes 

seen,  in  the  fifth  intercostal  space,  a  little  to  the  left  of  the 

median  line.   Vivisections  have  demonstrated  that  the  impulse 

i  synchronous  with  the  contraction  of  the  ventricles.     If 

4e  hand  be  introduced  into  the  chest  of  a  living  animal,  and 

4e  finger  placed  between  the  point  of  the  heart  and  the 

^alls  of  the  thorax,  every  time  we  have  a  hardening  of  the 

point  the  finger  will  be  pressed  against  the  side.     If  the  im- 

Ptilse  of  the  heart  be  felt  while  the  finger  is  on  the  pulse,  it  is 

Evident  that  the  heart  strikes  against  the  thorax  at  the  time  of 

^e  distention  of  the  arterial  system.     The  impulse  is  due  to 

*^e  locomotion  of  the  ventricles.     In  the  words  of  Harvey, 


*  The  obserrmtions  of  Fontana  on  the  sbortening  of  the  heart  arc  very  con- 

^^tare.    He  constructed  a  little  instrument  consisting  of  two  vertical  rules,  slid- 

^^  on  a  horizontal  bar  like  a  shoemaker's  measure,  one  of  which  was  applied  to 

^^base,  and  the  other  just  grazed  the  apex.    He  estimated  the  shortenmg  of  the 

^^«8rtTn  a  lamb  at  about  two  Paris  lines  (Mem.  de  HaUer,  tome  lii.,  p.  226). 

*  EUiMnia  FhydohfficB,  vol  i.,  p.  889. 
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*- the  heart  is  erected,  and  risea  upwards  to  a  point,  so 
this  time  it  strikes  agaiost  the  lireast  and  the  pulse  is  felt  ex- 
tcrnaHy.'^'    In  the  case  of  tlie  son  of  the  Yisconnt  Mont- 
gomery, abeady  referred  to,  Harvey  gives  a  most  grapliic  do-'w 
ircription  of  the  manner  in  which  the  heart  h  **  retracted  andfl 
withdrawn  "  during  the  diastole,  and  "  emerged  imd  protrud- 
ed" during  the  sptole. 


I 


SuoGmmon  of  the  MmemenU  of  tfie  Heart — ^We  have 
ready  followed,  In  a  general  w*ay,  tlie  eourse  of  the  blood' 
through  the  heart,  and  the  successive  action  of  the  various 
parts;  but  we  have  yet  to  consider  these  pointB  more  in  de 
tailj  and  ascertain  if  possible  the  relative  periods  of  activity 
and  repose  in  each  portion  of  the  organ. 

The  great  points  in  the  succession  of  inoTement8  are  read- 
ily observed  in  the  hearts  of  culd-blooded  animals,  wliere  the 
puli^tionis  are  very  slow.    In  examining  the  heart  of  the  frog, 
turtlcj  or  alligator,  the  alternations  of  repose  and  activity  are 
very  strongly  marked.     During  the  intervals  of  contraction, 
the  whole  heart  is  flaceid,  and  the  ventricle  is  comparative- 
ly pale ;  we  then  see  the  auricles  slowly  tilling  vrixh  blood ; 
when  they  have  become  fully  distendec],  they  contract  and 
fill  the  ventriele^  which  in  those  animals  is  single ;  the  re 
triete  immediately  contracts,  its  action  following  upon  th^ 
contraction  of  the  auricles  as  if  it  were  propagated  iron 
them.     When  the  heart  is  filled  with  blood,  it  haB  a  dat^k  redP 
color,  which  contrasts  strongly  Avith  its  appearance  after  the 
systole,     This  operation  may  occupy  from  ten  to  twenty  se^^^ 
onds,  giving  an  abundance  of  time  for  observation,     Th^^ 
cai^e  is  difierentj  however,  with  the  WEirui-blooded  animals,  in 
winch  the  anatomy  of  the  heart  is  nearly  the  sanie  as  in  man. 
Here  a  normal  revolution  may  occupy  leas  than  a  seconds,  and 
it  is  evident  that  the  yaried  phenomena  w^e  have  just  men- 
tioned  are  followed  with  the  utmost  diflSculty.    In  spite  d^^ 
this  rapidity  of  action,  it  can  be  seen  that  a  rapid  contractioii 

'  Op.  cii. 
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of  the  auricles  precedes  the  ventricular  systole,  and  that  the 
latter  is  synchronous  with  the  impulse. 

Various  estimates  have  been  made  of  the  relative  time 
occupied  by  the  auricular  and  ventricular  contractions.  This 
interesting  point  has  been  carefully  studied  by  MM.  Chau- 
vean  and  Faivre,  by  auscultating  the  heart  exposed  in  a  living 
animal,  and  establishing,  by  the  touch,  the  relations  l)etween 
the  contractions  of  its  different  parts  and  the  heart  sounds. 
Theae  observers  made  a  great  number  of  experiments  upon 
horses  and  dogs,  in  which  the  pulse  was  not  more  accelerated 
than  the  pulse  of  the  human  subject.  As  the  result  of  these 
obserrations,  the  following  numbers  are  given  as  representing 
the  rhythm  of  the  movements  of  the  heart  in  man :  Auricular 
systole,  6 ;  Ventricular  systole,  10 ;  Diastole,  8.*  Though  this 
estimate  is  perhaps  better  than  any  we  had  before,  it  is  evi- 
dent from  the  way  in  which  it  was  arrived  at  that  it  can  be 
nothing  more  than  an  approximation ;  for  it  is  impossible  to 
estimate  accurately,  by  the  stethoscope  and  the  touoli,  opera- 
tions which  follow  each  other  with  such  rapidity. 

This  question  has  been  at  last  definitely  settled  by  the 
late  observations  of  Marey,  who  has  constructed  some  very 
ingenious  instruments  for  registering  the  form  and  frequency 
of  the  pulse.  He  devised  a  series  of  most  interesting  experi- 
ments, in  which  he  was  enabled  to  register  simultaneously 
the  pulsations  of  the  different  divisions  of  the  heart,  and  has 
succeeded  in  establishing  a  definite  relation  between  the  con- 
tractions of  the  auricles  and  ventricles.  Tlie  method  of  M. 
Karey  enables  us  to  determine,  to  a  small  fraction  of  a  sec- 
<>nd,  the  duration  of  the  contraction  of  each  of  the  divisions 
of  the  heart. 

The  method  of  transmitting  the  movement  from  the  heart 
^  a  roistering  apparatus  is  very  simple.  It  consists  of  two 
kittle  elastic  bags  connected  together  by  an  elastic  tube,  the 
^hole  closed  and  filled  with  air.     A  pressure,  like  the  pres- 

*  Cbautkav  et  Faitbe,  op.  cit,  p.  18.     These  authors  represent  the  rhythm 
^7  magical  notes,  which  haye  been  reduced  to  the  numbers  given  aboTc. 
13 
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enre  of  the  lingere,  upon  one  of  tlio^e  bags  produces,  of  courge, 
an  instan  taneous  and  corresponding  dilatation  of  the  other.  If  ^ 
we  suppose  one  of  these  bags  to  be  mtnxlnced  into  one  of  thi^m 
cavities  of  the  heart,  and  tlie  other  pla*:(?d  under  a  small  le-" 
ver,  so  arranged  on  a  pivot  as  to  be  sensible  to  the  s^hghtest 
impression,  it  is  evident  that  any  cooipression  of  tlie  bag  in 
the  heai*t  would  produce  a  eorresponding  change  iu  volume 
in  the  other,  which  would  be  indicated  by  a  movement  of 
the  lever,  M.  Marey  has  arranged  the  lever  with  its  short 
arm  on  the  elastic  hair,  and  the  long  arm,  provided  with  a 
peuj  moving  against  a  roll  of  paper  which  passes  along  at  a 
uniform  rate.  When  the  lever  is  at  re^st  and  the  paper  eet 
in  motion,  the  pen  will  make  a  horizontal  mark;  but  when 
the  lever  ascends  and  deseendSj  a  eorreepoiidlug  trace  will  be 
made,  and  the  duration  of  any  movement  can  readily  be  es- 
timated by  calculating  the  rapidity  of  the  motion  of  the 
papen  The  bag  which  receives  the  imprc^ion  is  called  by 
Marey  the  hiitml  hag,  and  tlie  other,  which  is  connected  with 
the  levcr^  is  called  the  terminal  bag^  The  ibrincr  may  be 
modi  tied  iu  form  with  reference  to  the  situation  in  which  it 
is  to  be  placed. 

The  experiments  of  SL  Marey^  with  reference  to  the  rela- 
tions between  the  systole  of  tlie  auricles* the  sj&tole  of  the 
ventrielcB,  and  the  impulse  of  the  heart,  were  performed  uputi    . 
hordes  in  the  following  way :  ^H 

A  sound  is  introdviced  into  the  right  side  of  the  liear^^ 
through  the  jugular  vein,  an  operation  which  is  performed 
with  certainty  and  ease/    Tliis  sound  is  provided  with  two 
initial  bags,  one  of  which  is  lodged  in  the  right  auricle^  wh 


^  Cutbeterlmtion  of  the  ciivitiea  uf  the  heart,  especially  upon  ihc  right  side,  1 
an  0(joi-alioTi  familiar  to  phjaioiog^ist:?.  With  a  dotibli*  imtitiiu^  each  as  ia  describ 
by  Miroj  (p,  61),  of  Uie  requiaiu?  dimensions  mid  with  the  proppr  curns,  it  luuiFt 
be  eaiy  to  lodge  tlio  btiga  mspc^ctivelj  in  tl»c  nunck  and  vetilriL-lc ;  cs^peciallj  in 
An  anima]  of  Iar;ge  sim  like  the  horse.  A  tube  la  fiasily  intrixluced  bto  the  righl 
side  of  the  heart,  in  the  dog,  through  Ihe  extt^rniil  jtigul*ir.,  M*  Uiu^y  givea  fiiU 
detalU  of  every  step  of  the  operation^  and  there  cun  he  no  doubt  of  tbi*  facility  And 
Mctursicy  with  wbivb  it  may  be  pfrfoitned. 
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the  other  passes  into  the  ventricle*  The  bags  are  eomiected 
with  dLitinet  tnln?^  which  pass  one  within  the  other,  and  are 
connected  by  elastic  tubing  with  the  registering  apparatUis, 
At  each  systole  of  the  heart  the  bags  in  its  ca%ities  are  com- 
prised, and  produce  corresponding  movements  of  the  levers, 
which  may  be  registered  simultaneously. 

To  register  the  inipnlse  of  the  heart,  an  incision  is  made 
over  the  point  where  the  apes  beat  is  felt,  through  the  skin 

FN,  % 
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m  prlndiMl  eWraeotJi;  a  K,  ibe  rtiif^trtn^  ttpparaiitA  m<\  A  S^  i^xi^ifphy^mo^niphic  ap- 

^rwiM^tli^  fi  l0  wAy^  mrhlcl)  recelfiM^  tmifcutLi,  and  ampnilca  the  mor^mfMiU  wlilek  tre  to 

lilttdlMiL*     Tli«  (KimprcBeluit  exi>rt«f]  ujjod  the  h^  c^  vrhiiih  \»  pUccd  over  tlio  ^ma  of  th^ 

iHtWtv««9  tht  t£it«^rco9t»l  nitijclpft,  Is  conduetiHl  bjr  tbt!  Lab«  fr^  wtiiaii  li  Alleti  wllb  air,  lo 

IW  W99t  toTcr.    HiAMflBlWHiUui  excTtcd  upon  the  iMf»  q  atod  tr^  to  tbc^  do  u  hie  soimd,  ta  con^ 

iiel«i  bf  the  tubcAf  0  iiwd  I  f  to  iJie  tvofeauJntng  lererm.    Tfae  moTi>[n«nti  of  thi:  I  even  irtf 

tm^^tmA  ^taiiitamta^f  W  ^^*  cfllndef*  A  £.    (IIaxxy,  ^wr  la  Clrcuiati&n  du  Sang, 

and  ext^nal  intercostal  muscle.  A  little  bag,  Btretched  over 
two  metallic  buttons  separated  by  a  central  rod^  is  tlicn  care- 
fully Betrured  in  the  cavity  tJius  formed,  and  connected  by  an 
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elastic  tube  vnih  tlie  registering  apparatus.  AH  the 
ai*e  provided  with  stop-cocks,  so  that  each  initial  bag  in 
made  to  commtinieate  with  its  lever  at  wilt  When  the  oper- 
ation ia  concluded,  and  the  sound  firmly  secured  in  place  bj 
a  ligature  around  the  vein,  the  animal  experiences  no  incoi 
venience,  is  able  to  walk  about,  eat,  &c.^  and  there  m  ev 
evidence  that  the  clrf'nlation  is  not  interfered  with.  The 
cyhnders  which  carry  the  paper  destined  to  rcjccivc  the  traces 
are  arranged  to  move  by  clock-work  at  a  given  rate.  The 
paper  may  also  be  nilecl  in  lines,  the  distance  between  whicli 
represent  certnin  tractionB  of  a  second,  ^J 

Fig.  2,  taken  from  the  work  of  Marey,  represents  tl^H 
apparatus  reduced  to  one-sixtli  of  ita  actual  Bize.     Two  of 
the  levers  are  connected  with  the  double  sound  for  the  right 
Buriule  and  ventriclej  and  one  is  connected  witli  the  bag  des- 
tined to  receive  the  impulse  of  the  lieart. 

In  an  experiment  upon  a  horse,  every  thing  l>eing  ci 
fully  arranged  in  tlie  way  indicated^  the  clock-work  was  set    n 
in  motion,  and  the  movements  of  the  tliree  levers  prodno^^f 
tracefl  upon  tlm  paper  which  were  interpreted  as  follows:     ^^ 

1.  The  pai>er  was  ruled  6o  tJiat  each  division  represent 
one-tentli  of  a  second-    The  traces  formed  by  tbe  three  lev 
indicated  fuur  revolutions  of  the  hcait.     The  first  revolution 
occupied  1-^  sec*,  tlie  second  l^^g  see,  the  third  l^^j  sec,,  ai 
the  fourth  1  sec, 

±  The  auricular  systole,  as  marked  by  the  first  Jcv* 
immediately  preceded  the  ventricular  systole,  and  oocftjph 
^b&ui  ttco-ient/iS  of  a  second.  The  elevation  of  the  le 
indicated  tliat  it  was  much  more  feeble  than  the  ventriculi 
systole,  and  sudden  in  its  eharaoter;  tlie  contraction,  wh( 
it  had  arrived  at  the  maximum,  being  immediately  fi 
lowed  by  relaxation, 

B.  The  ventricular  syatole,  as  marked  by  the  second  le 
followed  immediately  the  auricular  systole,  and  oceu. 
a/Mmt  foitr-Unths  of  a  second.  The  almost  vertical  di 
tion  of  the  trace,  and  the  degree  of  elevation,  ehowed  that 
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was  sudden  and  powerftil  in  its  character.  The  abrupt  de- 
f5cent  of  the  lever  showed  that  the  relaxation  was  almost  in- 
stantaneous. 

4.  The  impulse  of  the  heart,  as  marked  by  the  third  lever, 
was  shown  to  be  absolutely  synchronous  with  the  ventricular 
systole.* 

Condensing  the  general  results  obtained  by  Marey,  which 
are  of  course  subject  to  a  certain  amount  of  variation,  we 
have,  dividing  the  action  of  the  heart  into  ten  equal  parts, 
three  distinct  periods,  which  occur  in  the  following  order : 

Auricular  Systole.—TluQ  occupies  two- tenths  of  the  heart's 
action.  It  is  feeble  compared  with  the  ventricular  systole, 
and  relaxation  immediately  follows  the  contraction. 

Ventricular  Systole. — This  occupies  four-tenths  of  the 
heart's  action.  The  contraction  is  powerful,  and  the  relaxa- 
tion sudden.  It  is  absolutely  synchronous  with  the  impulse 
of  the  heart. 

Diastole. — This  occupies  four-tenths  of  the  heart's  action. 

Force  of  the  Heart. — There  are  few  points  in  physiologj' 
on  which  opinions  have  been  more  widely  divergent,  than  on 
the  question  of  the  force  employed  by  the  heart  at  each  con- 
traction. Borelli,  who  was  the  first  to  give  a  definite  esti- 
fliate  of  this  force,  put  it  at  180,000  pounds ;  while  the  calcu- 
lations of  Keill  give  only  5  ounces."  These  estimates,  how- 
ever^ were  made  on  purely  theoretical  grounds.  Borelli  esti- 
mated the  force  employed  by  the  deltoid  in  sustaining  a  given 
Weight  held  at  arm's  length,  and  formed  his  estimate  of  the 

*  Mabvt,  cp,  cit.f  p.  68  et  seq.  I  hare  preferred  to  give  the  general  signifi- 
^^iioe  of  the  three  traces  obtained  by  Marey,  rather  than  reproduce  the  traces 
*J*«iMelve8,  which  present  certain  minor  characters  which  might  confuse  the  rcad- 
®»^.  Nothing  could  be  more  distinct  than  the  illustration  of  the  particular  points 
J^Kote  enumerated;  and  there  can  be  no  other  opinion  than  that  these  observa- 
^ons  Bcttle  the  question  of  the  rhythm  of  the  heart's  action  in  the  animals  on 
^"liidi  the  experiments  were  performed. 

*  Jaxes  Kull,  M.D.,  JSaiays  on  Several  Parts  of  the  Animal  (Economy^  Lon- 
^iooi  nn,  pp.  BY,  91. 
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power  of  the  heart  by  compariDg  the  weight  of  the  organ 
with  that  of  the  deltoid.  Keill  made  his  estimate  from  a 
calculation  of  the  rapidity  of  the  current  of  blood  in  the 
arteries.  Hales  was  the  first  to  investigate  the  question  ex- 
perimentally, by  the  application  of  the  cardiometer.  He 
showed  that  the  pressure  of  blood  in  the  aorta  could  be  meas- 
ured by  the  height  to  which  the  fluid  would  rise  in  a  tube 
connected  with  that  vessel,  and  estimated  the  force  of  the 
left  ventricle  by  multiplying  the  pressure  in  the  aorta  by  the 
area  of  the  internal  surface  of  the  ventricle.  The  cardiometer 
has  undergone  various  improvements  and  modifications,  but 
this  is  the  principle  which  is  so  extensively  made  use  of  at 
the  present  day,  in  estimating  the  pressure  of  the  blood  in 
different  parts  of  the  circulatory  system.  First  we  have  the 
improvement  of  Poiseuille,  who  substituted  a  U  tube  partly 
filled  with  mercury,  for  the  long  straight  tube  of  Hales ;  and 
then  the  various  forms  of  cardiometers  constructed  by  Magen- 
die,  Bernard,  Marey,  and  others,  which  will  be  more  fiilly 
discussed  in  connection  with  the  arterial  circulation.  These 
instruments  have  been  made  use  of  by  Marey,  with  very 
good  results,  in  investigating  the  relative  force  exerted  by 
the  difterent  divisions  of  the  heart. 

Hales  estimates,  from  experiments  upon  living  animals, 
the  height  to  which  the  blood  would  rise  in  a  tube  connected 
with  the  aorta  of  the  human  subject,  at  7  feet  6  inches,  and 
gives  the  area  of  the  left  ventricle  as  15  square  inches.  From 
thu  he  estimates  the  force  of  the  left  ventHde  at  51*5  pounds.^ 

Tliough  this  estimate  is  only  an  approximation,  it  seems 
based  on  more  reasonable  data  than  any  other. 

The  apparatus  of  Marey  for  registering  tlie  contrac- 
tions of  the  difterent  cavities  of  the  heart  enabled  him  to  as- 
certain, also,  the  comparative  force  of  the  two  ventricles  and 
the  right  auricle;  the  situation  of  the  left  auricle  as  yet  pre- 
cluding the  possibility  of  introducing  a  sound  into  its  cavity. 

*  Stephen  Hales,  B.D.,  F.R.S.,  &c.,  Statical  Essays :  Containing  Haimastatickty 
ke.,  London,  1733.     Vol.  II.,  p.  40. 
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By  first  snbjectiDg  the  bags  to  known  degrees  of  pressure, 
the  degree  of  elevation  of  a  lever  may  be  graduated  so  as  to 
represent  the  degrees  of  the  cardiometer.  In  analyzing  traces 
made  by  the  left  ventricle,  right  ventricle,  and  right  auricle, 
in  the  horse,  Marey  found  that,  as  a  general  rule,  the 
comparative  force  of  the  right  and  left  ventricles  is  as  1  to  3.* 
The  force  of  the  right  auricle  is  comparatively  insignifi- 
cant, being  in  one  case,  as  compared  with  the  right  ventricle, 
only  as  1  to  10. 

Action  of  the  Valves. — ^We  have  already  indicated  the 
course  of  the  blood  through  the  cavities  of  the  heart,  and  it 
has  been  apparent  that  the  necessities  of  the  circulation  de- 
mand some  arrangement  by  which  the  current  shall  always 
be  in  one  direction.  The  anatomy  of  the  valves  which  guard 
the  orifices  of  the  ventricles  gives  an  idea  of  their  function ;  but 
we  have  yet  to  consider  the  precise  mechanism  by  which  they 
are  opened  and  closed,  and  the  way  in  which  regurgitation  is 
prevented. 

In  man  and  the  warm-blooded  animals,  there  are  no 
valves  at  the  orifices  by  which  the  veins  open  into  the  auri- 
cles. As  has  already  been  seen,  compared  with  the  ventri- 
cles, the  force  of  the  auricles  is  insignificant;  and  it  has 
furthermore  been  shown  by  experiment  that  the  ventricles 
may  be  filled  with  blood,  and  the  circulation  continue,  when 
the  auricles  are  entirely  passive.  Though  their  orifices  are 
not  provided  with  valves,  the  circular  arrangement  of  the 
fibres  about  the  veins  is  such,  that  during  the  contraction 
of  the^  auricles  the  openings  are  materially  narrowed,  and  re- 
gurgitation cannot  take  place  to  any  great  extent.  The  force 
of  the  blood  flowing  into  the  auricles  likewise  offers  an  obsta- 
cle to  its  return.  There  is  really  no  valvular  apparatus  which 
operates  to  prevent  regurgitation  from  the  heart  into  the 
veins ;  for  the  valvular  folds  which  are  so  numerous  in  the 

'  Maret,  op.  €it.f  p.  104. 
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genenil  venous  system,  and  particiilai*ly  in  the  veine  of  thd 
extremities,  do  not  exist  in  the  venae  cavtB* 

The  continuQaa  flow  of  blood  from  the  veins  into  thi 
auricles,  the  feeble  character  of  their  contractions,  tlie 
rangement  of  the  tibre*  aj-oimd  the  oriticea  of  the  vessels,  and 
the  great  si^c  of  the  auriculo-ventricukr  openings,  are  condi-i^ 
tions  which  provide  sufficiently  well  for  the  flow  of  blood  intaj 
the  ventricles. 


Auriculo '  Ventricnlar  Vahes, — After  the  ventricles  ' 
become  completely  distended  bj  the  auricular  systole,  they 
take  on  their  contraction ;  whicli,  it  will  be  remembered,  is 
very  many  times  more  [lowerful  than  the  contraction  of  the 
auricles.     They  have  to  force  open  the  valves  whicli  close  the 
oriflces  of  the  pulmonary  artery  and  aort%  and  empty  their 
contents  into  these  vessels*    To  accomj>lish  thi^,  at  the  moment^ 
of  the  ventricular  systole,  there  is  an  instantaneous  and  coni-V 
plete  closure  of  the  aurieulo-ventricnlar  valvea,  leaving  but 
one  opening  through  which  the  Wood  can  pass.     That  these 
valves  close  at  the  moment  of  contraction  of  the  ventricles  is 
demonstrated  by  the  experiments  of  Chauveau  and  FaivreJ^I 
who  iiitrodneed  the  finger  through  an  0|>eDiag  into  tlie  auri- 
cle, and  Hctually  felt  the  valves  close  at  the  instant  of  the  ven-^^ 
tricular  systole.*  ^M 

Thii*  tactile  demonstration^  and  the  fact  that  the  first 
sound  of  the  heart,  which  is  produced  in  great  pail  by  the 
closure  of  the  aurieulo-ventricnlar  valves,  is  absolutely  syn- 
chronons  with  tlie  ventricidar  systole,  leave  no  doubt  as 
the  mechanism  of  the  closure  of  these  valveSp 

It  is  probable  that  as  the  blood  flows  into  tlic  ventricle 
the  valves  are  slightly  floated  out,  Ijut  they  are  not  closed  un- 
til the  ventrieles  contract.     A  German  physiologist,  Baurn- 
garten,'  ha^  attempted  to  show  that  tlie  valves  are  closed  by 
the  contraction  of  the  auricles,  basing  this  opitiion  upon  th^H 
fact  that  when  the  auricles  are  cut  away,  and  fluid  is  poured^ 
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Milne^Ed^aiu>9,  &p.  ciLy  tome  jt.,  p.  ^1. 


ACTION  OF  THE  VALVES.  201 

through  the  auriculo-ventricular  opening,  the  valves  are 
floated  up,  and  finally  closed  when  the  ventricle  is  completely 
filled.  This  experiment  we  have  repeated  and  found  to  be 
correct ;  but  in  this  way  we  are  far  from  fulfilling  the  natu- 
ral conditions  of  the  circulation.  In  the  natural  action  of  the 
heart,  the  blood  flows  from  the  auricles  in  a  large  stream, 
which  opens  the  valves  and  applies  them  to  the  walls  of  the 
ventricles.  This  is  quite  different  from  the  action  of  a  small 
stream,  which  may  insinuate  itself  between  the  lips  of  the 
valves,  and  force  them  up  by  reacting  from  the  ventricle.  If 
the  semilunar  valves  be  exposed,  and  the  artery  closed,  a 
Btreani  of  water  poured  from  the  ventricles  will  close  the 
valves ;  and  yet  we  could  hardly  say  that  in  the  natural  course 
of  the  circulation  the  valves  at  the  arterial  orifices  are  closed 
by  the  ventricular  systole. 

These  experiments  do  not  throw  any  doubt  upon  the  fact 
that  the  auriculo-ventricular  valves  are  closed  by  the  pressure 
of  blood  against  them  during  the  ventricular  systole. 

If  a  bullock's  heart  be  prepared  by  cutting  away  the  auri- 
cles 80  as  to  expose  the  mitral  and  tricuspid  valves,  secm*ing 
the  nozzles  of  a  double  syringe  in  the  pulmonary  artery  and 
aorta,  after  having  destroyed  the  semilunar  valves,  and  if 
fluid  be  injected  simultaneously  into  both  ventricles,  the  play 
of  the  valves  will  be  exhibited.     The  mitral  valve  eftectually 
prevents  the  passage  of  the  fluid,  its  edges  being  so  accurately 
approximated  that  not  a  drop  passes  between  them ;  but  when 
^he  pressure  is  considerable,  a  certain  quantity  of  fluid  passes 
Oie  tricuspid  valve.     There  is,  indeed,  a  certain  amount  of 
insufficiency  at  the  right  auriculo-ventricular  orifice,  which 
does  not  exist  on  the  opposite  side. 

This  fact  was  first  pointed  out  by  Mr.  T.  King,'  and  is  called 
l>y  him  the  "  safety-valve  function  of  the  ri<fJit  ventricle.'^'* 
The  advantage  of  this  slight  insufficiency  is  apparent  on  a 
little  reflection.     The  right  ventricle  sends  its  blood  to  the 

*  Kiso,  An  Euay  on  the  Safety-valve  Functhm  of  the  RiglU  VentricU  of  the 
Humm  Heart,    Guy's  Hospital  Reports,  183Y,  vol  il  p.  104. 
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lungs,  where,  in  order  to  facilitate  the  respiratory  processes, 
the  walls  of  the  capillaries  are  very  thin.  The  lungs  them- 
selves are  exceedingly  delicate,  and  an  effusion  of  blood,  or 
considerable  congestion,  would  be  liable  to  be  followed  by 
serious  consequences.  To  prevent  this,  the  right  ventricle  is 
not  permitted  to  exert  all  its  force,  under  all  circumstances, 
upon  the  blood  going  into  the  pulmonary  artery ;  but  when 
the  action  of  the  heart  is  exaggerated  from  any  cause,  the 
lungs  are  relieved  by  a  slight  regurgitation,  which  takes 
place  through  the  tricuspid  valve.  The  lungs  are  still  ftirther 
protected  by  the  suflSciency  of  the  mitral  valve,  which  pro- 
vides that  no  regurgitation  shall  take  place  into  their  substance 
from  the  left  heart.  In  the  systemic  circulation  the  capilla- 
ries are  less  delicate ;  extravasation  of  blood  would  not  be 
followed  by  any  serious  results,  and  the  circulating  fluid  is 
made  to  pass  through  a  considerable  extent  of  the  elastic 
vessels,  before  it  begins  to  be  distributed  in  the  tissues.  It  is 
evident  that  on  the  left  side  there  is  no  necessity  for  sucli  a 
provision,  and  it  does  not  exist. 

Aortic  and  Pulmonic  Valves. — The  action  of  the  semi- 
lunar valves  is  nearly  the  same  upon  both  sides.  In  the  in- 
tervals of  the  ventricular  contractions,  they  are  closed,  and 
prevent  regurgitation  of  blood  into  the  ventricles.  The  sys- 
tole, however,  overcomes  the  resistance  of  these  valves,  and 
forces  the  contents  of  the  ventricles  into  the  arteries.  During 
this  time  the  valves  are  applied,  or  nearly  applied,  to  the 
walls  of  the  vessel ;  but  as  soon  as  the  ventricles  cease  their 
contraction,  the  constant  pressure  of  the  blood,  which,  as  we 
shall  see  hereafter,  is  very  great,  instantaneously  closes  the 
openings. 

The  action  of  the  semilunar  valves  can  be  seen  by  cutting 
away  a  portion  of  the  ventricles  in  the  heart  of  a  large  ani- 
mal, securing  the  nozzles  of  a  double  syringe  in  the  aorta  and 
pulmonary  artery,  and  forcing  water  into  the  vessels.  In 
performing  this  experiment,  it  will  be  noticed  that  while  the 
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aortic  Bemilnnar  valves  oppose  the  passage  of  the  liquid  so 
effectually  that  the  aorta  may  be  ruptured  before  the  valves 
will  give  way,  a  considerable  degree  of  insuflScriency  exists, 
nnder  a  high  pressure,  at  the  orifice  of  the  puhnonary  artery. 
There  is  at  this  orifice  a  safety-valve  ftinction  as  important 
as  that  ascribed  by  King  to  the  tricuspid  valve.  It  is  e\'i- 
dent  that  the  slight  insufficiency  at  the  pulmonic  orifice  may 
be  even  more  directly  important  in  protecting  the  lungs  than 
the  insufficiency  of  the  tricuspid  valve.  The  difference  in 
the  sufficiency  of  the  semilunar  valves  on  the  two  sides  is 
fully  as  marked  as  between  the  auriculo-ventricular  valves, 
and  it  is  surprising  that  since  the  Observations  of  King,  this 
fact  has  not  attracted  the  attention  of  physiologists.* 

It  is  probable  that  the  corpuscles  of  Arantius,  which 
are  situate  in  the  middle  of  each  valvular  curtain,  assist  in 
the  accurate  closure  of  the  orifice.  The  sinuses  of  Valsalva, 
situated  in  the  artery  behind  the  valves,  are  regarded  as  facil- 
itating the  closure  of  the  valves  by  allowing  the  blood  to  pass 
easily  behind  them. 

Sounds  of  the  Heart, — K  the  car  be  applied  to  the  pre- 
cordial region,  it  will  be  found  that  the  action  of  the  heart  is 
accompanied  by  certain  sounds.  A  careful  study  of  these 
Bounds,  and  their  modifications  in  disease,  has  enabled  the 
practical  physician  to  distinguish,  to  a  certain  extent,  the 
conditions  of  the  heart.  This  increases  the  purely  physiologi- 
cal interest  which  attaches  to  the  audible  manifestations  of 
the  action  of  the  great  central  organ  of  the  circulation. 

The  appreciable  phenomena  which  attend  the  heart's 
action  are  connected  with  the  systole  of  the  ventricles.  It  is 
this  which  produces  the  impulse  against  the  walls  of  the 
thorax,  and,  as  we  shall  see  further  on,  the  dilatation  of  the 
arterial  system,  called  the  pulse.     It  is  natural,  therefore,  in 

'  This  obsenration  was  first  made,  and  the  fact  publicly  demonstrated,  in 
the  coarse  on  pbjsiology  at  the  Bellevne  Hospital  Medical  College,  session  of 
1864-*65. 
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Btudjing  these  phe 


,  to  take  the  srstole 


.  point 


lenomena, 
departui^Of  instead  of  the  action  of  the  auricles^  winch  we 
oannot  appreciate  withimt  viviseelious ;  aud  the  sounds^P 
which  are  two  iii  nmnberj  have  been  called  JiM  and  Beeond^ 
with  reference  to  the  eystole. 

The  firet  sotuid  is  alisolutely  synchronons  with  the  ape 
beat.  The  second  souikI  follows  the  tir^^t  witliont  any  a]ipre 
ciable  interval.  Between  the  second  and  first  goauds  thcr 
is  an  interval  of  sileace. 

Some  writers  have  attempted  to  peprasent  the*stmnds  of 
the  heart,  and  tlieir  relations  to  each  other^  by  certain  sylla- 
bles, a&j  *' luMhclvj)  or  l^iib-tuif^^  bnt  it  seems  nimeceasary  I 
utterppt  to  make  a  cuinparitjOD,  wliicli   can  only  he  appre 
ciated  by  one  wlio  is  practically  acquainted  with  the  hearC 
Bounds,  when  the  soimds  themselves  can  l>e  &o  easily  ^tudk 

Both  Bounds  are  generally  heard  with  distiaetne^s  ov( 
any  part  of  the  prmcordia.     The  first  sound  is  heard  with  it 
maximum  of  intensity  over  the  body  of  the  heart,  a  littl 
below  and  within  the  nipple,  between  the  fourth  and  fifth 
ribs,  and   is  propagated  with  greatest  facility  downwanls^ 
towards  the  apex.     The  second  sound  is  heard  witli  its  max- 
imum of  intensity  at  the  Iiase  of  the  heart,  between  the  nipple 
and  the  steraum,  about  the  locality  of  the  third  rib,  and  i^H 
propagated  upwards,  aloug  tlie  C4>ume  of  the  great  vessels,     ^| 

The  rhythm  of  the  &oimds  bears  a  certain  relation  to  the 
rhythm  of  the  heart- s  action,  which  we  have  already  dis- 
cussed ;  the  difference  l>eing,  that  we  hero  regard  the  hearths 
action  as  commencing  with  the  systole  of  the  ventricles,  while 
in  tblbwiug  the  action  of  different  parts  of  the  organ,  w( 
followed  the  course  of  the  blood j  and  commenced  with  th^ 
ftystole  of  the  am'iclea,  Laennec,  the  father  of  auscultation, 
was  the  first  to  direct  special  attention  to  the  rhythm  of  thea§* 
souudsj  though  they  had  been  recognized  by  Ilarvcyj  who 
compared  them  to  the  sounds  made  by  the  passage  of  fluids 
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along  the  oesophagus  of  a  horse  when  drinking.*  He  divides 
a  single  revolution  of  the  heart  into  four  parts :  the  first  two 
parts  are  occupied  by  the  first  sound ;  the  third  part  by  the 
second  sound ;  and  in  the  fourth  part  there  is  no  sound.' 
He  r^ards  the  second  sound  as  following  immediately  after 
the  first.  Some  authors  have  described  a  "  short  silence  "  as 
occurring  aftier  the  first  sound,  and  a  "long  silence"  after 
the  second.  The  short  silence,  if  appreciable  at  all,  is  so 
indistinct  that  it  may  practically  be  disregarded. 

Attempts  have  been  made  to  improve  upon  this  division 
of  Laennec,  by  dividing  the  heart's  action  into  three  equal 
parts,  as  is  done  by  M.  Beau;*  the  first  being  occupied  by 
the  first  sound,  the  second  by  the  second  sound,  and  the  third, 
silence.  This  hardly  needs  discussion.  M.  Beau  bases  this 
division  upon  a  theory  of  the  production  of  the  sounds  which, 
though  pretty  generally  discussed  by  physiologists,  is,  as  far 
as  we  have  seen,  adopted  by  none,  and  is  so  entirely  opposed 
to  facts  that  it  hardly  demands  comment.  It  is  evident  to 
any  one  who  has  heard  the  sounds  of  the  heart,  that  the  firet 
is  longer  than  the  second. 

Most  physiologists  regard  the  duration  of  the  first  sound 
as  a  little  less  than  two-fourths  of  the  heart's  action,  and  the 
second  sound  as  a  little  more  than  one-fourth.  When  we 
come  to  consider  the  mechanism  of  the  production  of  the  two 
sounds,  we  shall  see  that  if  our  views  on  that  point  be  correct, 
the  first  sound  should  occupy  the  period  of  the  ventricular 
«y«tofe,  or  four-tenths  of  the  hearfs  dct/ion^  the  second  sound 
about  three-tenths,  and  the  repose  three-tenths. 

The  first  sound  is  relatively  dull,  low  in  pitch,  and  made 
up  of  two  elements :  one,  a  valvular  element,  in  which  it 
resembles  in  character  the  second  sound ;  the  other,  an  ele- 
ment which  is  due  to  the  action  of  the  heart  as  a  muscle. 
It  has  been  ascertained  that  all  muscular  contraction  is  at- 

•  Op,  ciL,  p.  82, 

'  LoKirec,  Traits  de  rAtucultati(m  Mediate^  Paris,  1887,  tome  iii.,  p.  48. 

'  BsjLU,  TraiU  experimentale  et  dinique  d^ Auscultation^  Paris.  1856,  p.  228. 
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tended  with  a  certain  sound.  To  this  is  added  an  impulsion 
element,  which  is  produced  by  the  striking  of  the  heart  against 
the  walls  of  the  thorax. 

The  second  sound*  is  relatively  sharp,  high  in  pitch,  and 
has  but  one  clear,  element,  which  we  have  already  alluded  to 
as  valvular. 

Caicse  of  the  Sounds  of  the  Heart. — There  is  now 
scarcely  any  difference  of  opinion  respecting  the  cause  cff  the 
second  sound  of  the  heart.  The  experiments  of  Eouanet, 
published  in  1832,  settled  beyond  a  doubt  that  it  was  due  to 
a  closure  of'  the  aortic  and  pulmonary  semilunar  valves.  In 
his  essay  upon  this  subject,  Rouanet  acknowledges  his  indebt- 
edness, for  the  first  suggestion  of  this  explanation,  to  Mr 
Carswell,  who  was  at  that  time  prosecuting  his  studies  in 
Paris.' 

The  experiments  by  which  this  is  demonstrated  are  as 
simple  as  they  are  conclusive.  First  we  have  the  experi- 
ments of  Eouanet,  who  imitated  the  second  sound  by  produ- 
cing sudden  closure  of  the  aortic  valves  by  a  column  of  water. 
We  then  have  the  experiments,  eveu  more  conclusive,  of  the 
British  Commission,  in  which  the  semilunar  valves  were 
Qaught  up  by  curved  hooks  introduced  through  the  vessels 
of  a  living  animal,  the  ass,  with  the  result  of  abolishing  the 
second  sound,  and  substituting  for  it  a  hissing  murmur. 
When  the  instruments  were  withdrawn,  and  the  valves  per- 
mitted to  resume  their  action,  the  normal  sound  returned.' 

It  is  unnecessary  to  discuss  the  various  theories  which 
have  been  advanced  to  explain  the  second  sound,  as  it  is  now 
generally  acknowledged  to  be  due  to  the  midden,  closure  of  the 

'  Cydopoidia  of  Aiiaiomy  and  Physiology y  vol.  ii.,  p.  617.  In  this  article,  wo 
find  l)T.  Elliott,  of  Carlisle,  alluded  to  as  having  stated  in  his  thesis,  published  in 
1831,  "  that  the  second  sound  of  the  heart  is  dependent  upon  the  rush  of  blood 
from  the  auricles  into  the  ventricles  during  their  diastole,  and  also  upon  the  sud- 
den flapping  inward  of  the  sigmoid  valves  at  the  origin  of  the  large  arteries  by  the 
refluent  blood." 

•»  Ibid,  p.  618. 
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mtUunar  vahes  at  the  orifices  of  the  aorta  and  pvJmotiary 
artery.  We  remark,  however,  that  the  sound  is  heard  with 
its  maximum  of  intensity  over  the  site  of  these  valves,  and  is 
propagated  along  the  great  vessels,  to  which  they  are  attach- 
ed. It  also  occurs  precisely  at  the  time  of  their  closure ;  i,  e., 
immediately  following  the  ventricular  systole. 

The  cause  of  the  first  sound  of  the  lieart  has  not,  until 
within  a  few  years,  been  as  well  understood.  It  was  maintain- 
ed by  Rouanet,  that  this  sound  was  produced  by  the  sudden 
dosure  of  the  auriculo-ventricular  valves ;  but  the  situation 
of  these  valves  rendered  it  difficult  to  demonstrate  this  by 
actual  experiment.  We  have  already  seen,  that  while  the 
second  sound  is  purely  valvular  in  its  character,  the  first 
sound  is  composed  of  a  certain  number  of  different  elements ; 
but  auscultatory  experiments  have  been  made  by  which  all 
but  the  valvular  element  are  eliminated,  and  the  character 
of  the  first  sound  made  to  resemble  that  of  the  second.  Con- 
clusive observations  on  this  point  were  made  a  few  years  ago 
by  Dr.  Flint,  constituting  part  of  an  essay  which  received 
the  prize  of  the  American  Medical  Association  in  1858.* 

The  following  facts  were  developed  in  this  essay : 

1.  If  a  folded  handkerchief  be  placed  between  the  stetho- 
scope and  integument,  the  first  sound  is  divested  of  some  of 
its  most  distinctive  features.  It  loses  the  quality  of  impul- 
fiion,  and  presents  a  well-marked  valvular  quality. 

2.  In  many  instances,  when  the  stethoscope  is  applied  to 

the  prsBCordia,  while  the  subject  is  in  a  recumbent  posture,  and 

the  heart  by  force  of  gravity  is  removed  irom  the  anterior 

'^all  of  the  thorax,  the  first  sound  becomes  purely  valvular 

S»i  character,  and  as  short  as  the  second. 

3.  When  the  stethoscope  is  applied  to  the  chest  a  little 
distance  from  the  point  where  the  first  sound  is  heard  with 
its  maximum  of  intensity,  it  will  present  only  its  valvular 
element. 

*  Ausnii  Fliwt,  Friae  Estay  on   the  Heart-Sounds  in  Health  and  DmoBe. 
^^n&flactioos  of  the  American  Medical  Association,  1858. 
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Tliese  facta,  to  whieli  we  may  tidd  the  modifications 
tlie  first  sound  in  disease,  so  as  to  laave  only  tlie  valvular  e 
ment,  taken  in  connection  with  the  tact  that  the  fir&t  sound 
occurs  wheu  tlie  ventricles  contract,  and  necessarily  aceora- 
panics  the  closure  of  the  auriculo- ventricular  valves,  show 
pretty  conclusively  that  these  valves  prodnce  at  least  a  cd^H 
tain  element  of  the  sound.  In  further  support  of  this  opinion, 
we  liave  the  fact  that  the  first  sound  is  heard  with  its  maxi- 
mum of  intensity  over  the  site  of  the  valves,  and  is  propa- 
gated downwards  along  the  ventricles,  to  which  the  valve 
are  attached. 

Actual  experimenta  are  not  wanting  to  confirm  the  abot^ 
view,  Chauveau  and  Faivre'  have  enccee<led  hi  alKrlii^Liiig" 
the  fii^ist  giiuiul  hy  the  introduction  of  a  wire  ring  tlirongh  ^i 
little  openiug  in  the  auricle  into  the  aurieulo-ventricular  or^H 
lice,  so  arranged  as  to  prevent  tlie  closure  of  the  valves, 
Wlieu  this  is  done,  the  first  sound  is  lost ;  hut  on  taking  it  out 
of  the  opening,  tlie  souud  returns.  These  observers  also 
aholifihed  the  tirst  sound  by  introducing  a  small  curved 
tenotomy-knife  through  the  auriculo-ventricular  orifice,  and 
dividing  the  chords  tendineae.  lu  this  experiment  a  loud  rush- 
ing murmur  took  the  place  of  the  sound,  "tVe  have  already 
alluded  to  the  experiment  of  introducing  the  finger  through 
an  opening  ui  the  auricle ;  if  this  be  done,  and  the  lieart  be 
auscultated  at  the  same  tune,  the  valves  will  be  felt  striking 
against  the  finger  in  unison  with  the  first  somuL 

The  above  observations  and  ex}>eriinents  settle  beyond 
question  the  tact  thai  ike  dosnre  of  tAe  am%culo<^mttTieid< 
valves  prod mea  one  element  of  the  first  mund. 

The  other  elements  whii'h  enter  into  the  composition 
the  first  sound  are  not  as  prominent  as  the  one  we  have  just 
considered,  though  they  serve  to  give  it  its  prolonged  and 
**  booming  "  ehai*acten     These  elements  are,  a  sound  like  that 
produced  by  any  large  muscle  during  its  C4>n traction,  called 
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CAUSE  OF  THE  SOUNDS  OF  THE   HEABT. 

by  some  the  mnscalar  murmur,  and  the  sound  produced  by 
the  impulse  of  the  heart  against  the  walls  of  the  chest. 

The  muscular  sound  has  been  recognized  by  WoUaston, 
Laennec,  and  others,  and  by  Laennec  was  supposed  to  be 
the  sole  cause  of  the  first  sound  of  the  heart.  This  observer 
attributed  the  first  sound  to  the  muscular  action  of  the  ven- 
tricles, and  the  second  to  the  action  of  the  auricles.  There 
can  be  no  doubt  but  that  this  is  one  of  the  elements  of  the  first 
sound ;  and  it  is  this  which  gives  it  its  prolonged  character, 
when  the  stethoscope  is  applied  over  the  body  of  the  organ, 
as  the  sound  produced  in  muscles  continues  during  the  whole 
period  of  their  contraction.  Admitting  this  to  be  an  element 
of  the  first  sound,  we  can  understand  how  its  duration  must 
necessarily  coincide  with  the  ventricular  systole.  We  can 
appreciate,  also,  how  all  but  the  valvular  element  is  eliminated 
when  the  stethoscope  is  moved  from  the  body  of  the  heart, 
the  muscular  sound  not  being  propagated  as  completely  as 
the  sound  made  by  the  closure  of  the  valves. 

The  impulse  of  the  heart  against  the  walls  of  the  thorax 
also  contributes  to  produce  the  first  sound.  This  is  demon- 
strated by  noting  the  diflerence  in  the  sound  when  the  sub- 
ject is  lying  upon  the  back,  and  when  he  is  upright ;  or  by 
interposing  any  soft  substance  between  the  stethoscope  and 
thechest,  or  by  auscultating  the  heart  after  the  sternum  has  been 
removed.  Under  these  circumstances  the  first  sound  loses  its 
hooming  character,  retaining,  however,  the  muscular  element, 
^hen  the  instrument  is  applied  to  the  exposed  organ.  It  was 
thought  by  Magendie  that  the  shock  of  the  heai-t  against  the 
chest  was  the  sole  cause  of  the  first  sound.*  This  observer 
inaintained  that  when  the  sternum  is  removed  in  a  living  aui- 
nial,  the  first  sound  cannot  be  heard  over  the  heart.  This, 
however,  is  not  the  fact ;  and  though  the  element  of  impul- 
sion enters  into  the  composition  of  the  first  sound,  the  view 
that  it  is  the  sole  cause  of  this  sound  is  not  tenable. 

The  first  sound  of  the  heart  is   complex.      It  is  pro- 

'  Mil5V-£dwari>3,  Lefom  8ur  la  Physiologie^  etc.,  tome  iv.,  p.  88. 
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duced  by  the  sudden  closnre  of  the  auricnlo-ventricular 
valves  at  the  beginning  of  the  ventricular  systole ;  to  which 
are  superadded  the  muscular  sound,  due  to  the  contraction 
of  the  muscular  fibres  of  the  heart,  and  the  impulsion  sound, 
due  to  the  shock  of  the  organ  against  the  walls  of  the  thorax. 

The  second  sound  is  simple.  It  is  produced  by  the  sud- 
den closure  of  the  aortic  and  pulmonary  semilunar  valves, 
immediately  following  the  ventricular  systole. 

It  is  of  the  greatest  importance,  with  reference  to  pathol- 
ogy, to  have  a  clear  idea  of  the  currents  of  blood  through  the 
heart,  with  their  exact  relation  to  the  sounds  and  intervals. 

At  the  conmiencement  of  the  first  sound,  the  blood  is 
forcibly  thrown  from  the  ventricles  into  the  pulmonary 
artery  on  the  right  side  and  the  aorta  on  the  left,  and  the 
auriculo-ventricular  valves  are  suddenly  closed.  During  the 
entire  period  occupied  by  this  sound,  the  blood  is  flowing 
rapidly  through  the  arterial  orifices,  and  the  auricles  are  re- 
ceiving blood  slowly  from  the  vensB  cavae  and  the  pulmonary 
veins. 

While  the  second  sound  is  produced,  the  ventricles  hav- 
ing become  suddenly  relaxed,  the  recoil  of  the  arterial  walls, 
acting  upon  the  column  of  blood,  immediately  closes  the 
semilunar  valves  upon  the  two  sides.  The  auricles  -continue 
to  dilate,  and  the  ventricles  are  slowly  receiving  blood. 

Immediately  following  the  second  sound,  during  the  first 
part  of  the  interval  the  auricles  become  fully  dilated ;  and 
in  the  last  part  of  the  interval  immediately  preceding  the 
first  sound,  the  auricles  contract,  and  the  ventricles  are  fully 
dilated.     This  completes  a  single  revolution  of  the  heart 


CHAPTEE  V. 

FREQUENCY  OP  THE  HEAEt's  ACTION. 

Freqnencj  of  the  heart's  action — ^Influence  of  age — ^Influence  of  digestion — Influ- 
ence of  posture  and  muscular  exertion — ^Influence  of  exercise — ^Influence  of 
temperature — Influence  of  respiration  on  the  action  of  the  heart — Cause  of 
the  rhythmical  contractions  of  the  heart — Influence  of  the  nervous  system  on 
the  heart — Division  of  the  pneumogastrics — Galvanization  of  the  pneumogas- 
trics — Causes  of  the  arrest  of  action  of  the  heart — Blows  upon  the  epigas- 
trium. 

Frequency  of  ike  Hea/rCB  Action, — Physicians  have  al- 
ways attached  the  greatest  importance  to  the  frequency  of 
the  action  of  the  heart,  as  one  of  the  great  indications  of  the 
general  condition  of  the  system.  The  variations  which  are 
met  with  in  health,  dependent  npon  age,  sex,  muscular  activ- 
ity, the  condition  of  the  digestive  system,  etc.,  point  to  the 
fact  that  the  action  of  the  heart  is  closely  allied  to  the  various 
functions  of  the  economy,  and  readily  sympathizes  with  their 
derangements.  As  each  ventricular  systole  is  followed  by 
an  expansion  of  the  arteries  which  is  readily  appreciated  by 
the  touch,  it  is  more  convenient  to  study  the  succession  of 
these  movements  by  exploring  the  vessels,  than  by  examina- 
tion of  the  heart  itself.  Leaving  out  certain  of  the  qualities 
of  the  pulse,  this  becomes  an  exact  criterion  of  the  acts  of  the 
heart. 

The  number  of  pulsations  of  the  heart  is  not  far  from 
seventy  per  minute  in  an  adult  male,  and  from  six  to  ten 
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more  in  the  femulc/  There  are  mdividual  cases  where  thel 
puke  is  normallj  much  Blower  or  more  frequent  tlian  this,  a| 
fact  which  must  be  remembered  when  exainimng  the  piilse 
in  di^ase.  It  is  mid  tlmt  the  piiUe  of  Najioleoii  L  was  only 
fort  J  per  minute.  Dv,  Dunglistm  mentions  a  case  w^hieh 
came  under  his  own  observation^  m  which  the  pulse  was  onfl 
an  average  thirty-?^ix  per  minute.  The  same  author  states 
that  the  pulse  of  Sir  William  Cougreve  w^as  never  below  one 
hundred  and  twentj-eight  per  minute,  in  health.*  It  is  byfl 
no  means  unfrequent  to  find  a  healthy  pulse  of  a  hundred  or 
more  per  minute.  ^ 

Influence  of  Age  and  Sej*. — In  both  tlie  male  and  female, 
observers  have  constantly  found  a  great  ditference  in  the  rapidi- 
ty of  the  hearths  action  at  different  periods  of  life*  The  observa- 
tions of  Dr.  Guy  on  this  jwint  are  very  numerous,  and  were 
made  with  the  utmost  care  with  regard  to  the  conditions  of  the 
system^  at  the  time  the  pulse  w^aa  taken,  in  each  ease.  All  were 
taken  at  the  same  hour^  and  witli  the  subject  in  a  sitting  posinxe. 

Dr,  Guy  found  tlie  pulsations  of  the  heart  in  the  foetus 
to  be  pretty  uniformly  140  per  minute.  At  birth  the  pulse 
IB  1 30.  It  gradually  diminislies  during  the  first  year  to  abont 
128,  The  second  year  the  diminution  is  quite  rapid,  thi 
tables  of  Dr,  Guy  giving  107  as  the  mean  frequency  at 
years  of  age.  After  the  second  year,  the  Irequeney  progi 
sively  diminishes  until  adult  life,  when  it  is  at  its  minimum; 
which  is  about  70  per  minute*  It  is  a  common,  but  erro- 
neous, impression  that  the  puke  diminishes  in  frequeney  in 
old  age.  On  the  contrary,  numerous  ol>Bervations  show  that 
at  the  latter  perioclB  of  life  the  movements  of  the  heart  i)e-_ 
come  slightly  accelerated,  ranging  from  75  to  80, 

During  early  life  there  is  no  marke<i  and  const^jit  difii 
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*  Most  Cif  the  facta  which  will  b©  referred  to  witb  ref  wd  to  ibc  frequeiicy  of 
tlie  puUe  ire  taken  from  the  article  of  Dr.  Guy  {Ptilie)  m  Todd*s  CydopEL'dk  of 
Aufltoroy  and  Physiology, 

*  Human  Ph^oh^,     PhiladdpMa,  ISSS,  toI  !.,  p.  413. 
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ence  in  the  rapidity  of  the  pulse  in  the  sexes ;  but  towards 
the  age  of  puberty,  the  development  of  the  sexual  peculiarities 
is  accompanied  with  an  acceleration  of  the  heart's  action  in 
the  female,  which  continues  even  into  old  age.  The  differ- 
ence at  different  ages  is  shown  in  the  following  table,  com- 
piled by  Milne-Edwards  from  the  observations  of  Dr.  Guy :  * 


A0B8. 

Males. 

Fkjlalks. 

Ayerago  PulsatioDS. 

Average  Pulsations. 

From  2  to  7  years 

97       . 

.         .         98 

"     8 

"  14 

ti       . 

.     84  . 

.     94 

"   14 

"  21 

(( 

76       . 

82 

"   21 

"  28 

It 

.73. 

.     80 

"   28 

"  85 

It 

70      . 

78 

"   85 

"42 

It 

.    68  . 

.     78 

"  42 

"  49 

It 

70       . 

77 

"  49 

"  66 

tt 

.67. 

.        .     76 

"   56 

"  63 

It 

68 

77 

"   63 

"  70 

It 

.     70'. 

.    78 

"  70 

"  77 

1* 

.        67      . 

81 

u    77 

"  84 

tt 

.71. 

.     82 

Influence  of  Digestion. — The  condition  of  the  digestive 
system  has  a  marked  influence  on  the  rapidity  of  the  pulse. 
According  to  observations  cited  by  Milne-Edwards,'  there  is 
an  increase  in  the  pulse  of  from  five  to  ten  beats  per  minute 
after  each  meal.  Prolonged  fasting  diminishes  its  frequency 
from  twelve  to  fourteen  beats.  Alcohol  first  diminishes,  and 
afterwards  accelerates,  the  pulse.  Coffee  is  said  by  the  same 
author  to  accelerate  the  pulse  in  a  marked  degree.  It  has 
been  ascertained  that  the  pulse  is  accelerated  to  a  greater 
degree  by  animal  than  by  vegetable  food.  These  variations 
have  long  been  recognized  by  physiologists. 


Influence  of  Posture  and  Muscular  Exertion, — It  has 
been  observed  that  attitude  has  a  very  marked  influence  upon 
tlie  rapidity  of  the  action  of  the  heart.     Experiments  of  a 

*  Lefoiu  sur  la  PhyHologie,  tome  iv.,  p.  62. 
'  Loc,  cit. 
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very  interesting  character  have  been  made  by  Dr.  Guy  and 
othere,  T;dth  a  view  to  determine  the  difference  in  the  pulse 
in  diflerent  postures.     In  the  male,  there  is  a  difference  of  | 
about  ten  beats  between  staruling  and  fitting,  and  Hfteeiti 
beats  between  standing  and  the  recumbent  posture.     In  the' 
female,  the  variations  with  position  are  not  so  great.     The 
average  given  by  Dr.  Guy  is,  for  the  male :    standing,  SI ; 
sittings  71 ;  lying,  66 ; — for  the  female ;  standingj  91 ;  sitting^  ^ 
84 ;  lying,  80.     This  is  given  as  the  average  of  a  large  nuni* 
ber  of  ol>servation8.     There  were  a  tew  instances^  however,' 
in  which  there  was  scarcely  any  variation  with  postnrej  and^ 
some  in  which  the  variation  was  much  greater  than  the 
average.     In  tlie  inverted  posture^  the  pulse  was  found  to 
reduced  about  tiiteen  beats. 

The  question  at  once  suggests  itself  whether  the  accele 
tion  of  the  pulse  in  sitting  and  standing  may  not  be  due,  in 
some  measure,  to  the  muscular  effort  required  in  making  the 
change  of  posture*     This  is  answered  by  the  further  experi- 
Tnents  of  Dr.  Cruy,  in  w^iich  the  subjects  were  placed  on  a 
revolving  board,  and  the  posture  changed  without  any  mus- 
cular effort.     The  same  resuh-s  as  those  cited  above  wei-e 
obtained  in  these  experiments ;  showing  that  the  dlflerenc 
is  due  to  the  position  of  the  body  alone.     In  a  single  obser 
vation,  Dn  Guy  found  the  pulscj  standing,  to  be  89 ;  lyingJ 
77;  difference,  1%    With  the  posture  changed  without  an] 
muscular  effort,  the  resolfea  were:  standing,  8T;  lying,  74:  f 
difference,  13, 

Various  theoretical  exjdanations  of  these  variations  havfifl 
been  offered  by  physiologists;  but  Dr.  Guy  seems  to  have 
settled  experimentally  that  the  acceleration  is  due  to  the  mus- 
cular effort  required  to  maintain  the  body  in  the  Bitting  and 
standing  positions.     The  following  are  the  results  of  experi^ 
ments  which  bear  conclusively  on  this  point,  in  which  it 
shown  that  when  the  body  is  carefully  supported  in  the  er 
or  sitting  posture,  so  as  to  be  maintained  without  muscular" 
etfortj  the  pulse  is  less  frequent  than  when  the  sn 
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Standing ;  and  furthermore  that  the  pulse  is  accelerated,  in 
the  recnmbent  posture,  when  the  body  is  only  partially  sup- 
ported: 

"  1.  Difference  between  the  pulse  in  the  erect  posture, 
without  support,  and  leaning  in  the  same  posture,  in  an 
average  of  twelve  experiments  on  the  writer,  12  beats;  and 
on  an  average  of  eight  experiments  on  other  healthy  males, 
8  beats. 

"  2.  Difference  in  the  frequency  of  the  pulse  in  the  recum- 
bent posture,  the  body  fully  supported,  and  partially  sup- 
ported, 14  beats,  on  an  average  of  five  experiments. 

"  3.  Sitting  posture  (mean  often  experiments  on  the  writer), 
back  supported,  80 ;  unsupported,  87 ;  difference,  7  beats. 

"  4.  Sitting  posture  with  the  legs  raised  at  right  angles  with 
the  body  (average  of  twenty  experiments  on  the  writer),  back 
Tin  supported,  86;  supported,  68;  difference,  18  beats.  An 
^•verage  of  fifteen  experiments  of  the  same  kind  on  other 
liealthy  males  gave  the  following  numbers :  back  unsupport- 
ed, 80;  supported,  68;  a  difference  of  12  beats."' 

Injkience  of  JEacerctse. — It  is  a  fact  generally  appreciated 

that  muscular  exertion  increases  the  frequency  of  the  pul- 

^^tions  of  the  heart ;  and  the  experiments  just  cited  show 

that  the  difference  in  rapidity,  which  is  by  some  attributed 

"^o  change  in  posture  (some  positions,  it  is  fancied,  offering 

-*^Wer  obstacles  to  the  current  of  blood  than  others),  is  in 

*^ality  due  to  muscular  exertion.    Every  one  knows  that  the 

^<ition  of  the  heart  is  much  more  rapid  after  violent  exertion, 

^^ch    as  running,  lifting,  etc.     Experiments  on  this  point 

^^te  from  quite  a  remote  period.     Bryan  Eobinson,  who 

t^^hlished  a  treatise  on  the  "Animal  Economy"  in  1734, 

*  Todd's  Cydopadia  of  Anatomy  and  Phyaiology^  vol.  iv.,  p.  188.    There  is 

^^*^  apparent  contradiction  between  these  results,  and  results  of  the  experiments 

*tl^  the  "  revolving  board."    It  is  probable,  however,  that  the  subjects  experi- 

^^^^Uted  upon  with  the  board  were  simply  placed  in  the  erect  posture  without 

'^^^^a^icalar  effort,  but  maintained  themselves  in  position  without  any  aid. 
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states,  as  the  result  of  observation,  that  a  man  in  the  recum- 
bent position  has  64  pulsations  per  minute ;  after  a  slow  walk, 
78 ;  after  walking  a  league  and  a  half  in  an  hour,  100 ;  and 
140  to  150  after  running  with  all  his  might.*  This  general 
statement,  which  has  been  repeatedly  yerified,  shows  the 
powerful  influence  of  the  muscular  system  on  the  heart.  The 
fact  is  so  familiar  that  it  need  not  be  further  dwelt  upon. 

The  influence  of  sleep  upon  the  action  of  the  heart  reduces 
itself  almost  entirely  to  the  proposition,  that  during  this  con- 
dition, we  have  an  entire  absence  of  muscular  eflbrt,  and 
consequently  the  number  of  beats  is  less  than  when  the  in^ 
dividual  is  aroused.  It  has  been  found  that  there  is  no  differ- 
ence in  the  pulse  between  sleep  and  perfect  quiet  in  the 
recumbent  posture.  This  fact  obtains  in  the  adult  male ;  but 
it  is  said  by  Quetelet  that  there  is  a  marked  difference  in 
females  and  j'oung  children,  the  pulse  being  always  slower 
during  sleep.' 

InflxLence  of  Temperature. — The  influence  of  extremes  of 
temperature  upon  the  heart  is  very  decided.  The  pulse  may 
be  doubled  by  remaining  a  very  few  minutes  exposed  to  ex- 
treme heat.  Bonce  Jones  and  Dickinson  have  ascertained 
that  the  pulse  may  be  very  much  reduced  in  frequency,  for 
a  short  time,  by  the  cold  douche.'  It  has  also  been  remarked 
that  the  pulse  is  habitually  more  rapid  in  warm  than  in  cold 
climates. 

Though  many  circumstances  materially  affect  the  rapidi- 
ty of  the  heart's  action,  they  do  not  complicate,  to  any  great 
extent,  our  examinations  of  tlie  pulse  in  disease.  In  cases 
which  present  considerable  febrile  movement,  tlie  patient  is 
generally  in  the  recumbent  posture.  The  variations  induced 
by  violent  exercise  are  easily  recognized,  while  those  depend- 
ent upon  temperature,  the  condition  of  the  digestive  system, 
etc.,  are  so  sliglit  that  they  may  practically  be  disregarded. 

*  Milne-Edwards,  Le^is  sur  la  Physiologie^  tome  iv.,  p.  68. 

""  Ibid. 

'  Journal  de  la  Phytiologie^  1858,  tome  I,  p.  72. 
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it  is  necessary  to  bear  in  mind,  however,  the  variations  which 
exist  in  the  sexes,  and  at  different  periods  of  life,  as  well  as 
the  possibility  of  individual  peculiarities,  when  the  action  of 
the  heart  may  be  extraordinarily  rapid  or  slow. 

Infl/uervce  of  ReqnraMon  upon  the  Action  of  the  Hea/rt. — 
The  relations  between  the  fiinctions  of  circulation  and  I'espi- 
ration  are  very  intimate.  One  function  cannot  go  on  without 
the  other.  If  circulation  be  arrested,  the  muscles,  being  no 
longer  supplied  with  fresh  blood,  soon  lose  their  contractile 
power,  and  respiration  ceases.  We  shall  also  find  that  circu- 
lation is  impossible  if  respiration  be  permanently  arrested. 
When  respiration  is  imperfectly  performed,  the  action  of  the 
heart  is  slow  and  labored.  All  physicians  are  familiar  with 
the  slow,  full  pulse,  indicating  labored  action  of  the  heart, 
which  occurs  in  profound  coma.  The  effects  of  arrest  of 
respiration  are  marked  in  all  parts  of  the  circulatory  system, 
arteries,  capillaries,  and  veins  ;  but  the  disturbances  thus  pro- 
duced all  react  upon  the  heart,  and  the  modifications  which 
take  place  in  the  action  of  this  organ  are  of  the  greatest  in- 
terest and  importance. 

If  the  heart  be  exposed  in  a  living  animal,  and  artificial 
^^piration  be  kept  up,  though  the  pulsations  are  nicreased  in 
frequency  and  diminished  in  force,  after  a  time  they  become 
l>erfectly  regular,  and  continue  thus'  as  long  as  air  is  ade- 
quately supplied  to  the  lungs.     Under  these  circumstances 
'^e  have  the  respiration  entirely  at  our  command,  and  can 
^tr^dy  the  effects  of  its  arrest  upon  the  heart  with  the  greatest 
^^ility.     If  we  arrest  respiration,  we  observe  the  following 
^^l^anges  in  the  action  of  the  heart : 

For  a  few  seconds  pulsations  go  on  as  usual ;  but  in  about 
^^  tuinute  they  begin  to  diminish  in  frequency.  At  the  same 
^^Xiie  the  heart  becomes  engorged  with  blood,  a  condition 
"^^Ixich  rapidly  increases.  For  a  time  its  contractions  are 
^^^^tupetent  to  discharge  the  entire  contents  of  the  left  ventri- 
^^1^  into  the  arterial  system,  and  a  cardiometer  applied  to  an 
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artery  will  indieatc  a  great  increase  in  the  pressure  of  bloodj 
and  a  correspond ing  increa&o  iu  the  moyenientB  of  the  mer- 
curj  will  be  noted  at  each  action  of  the  heart ;  indicatiog 
that  the  organ  is  acting  with  an  abnormal  Tigor,  If  respira- 
tion be  fltill  dlseontinuedj  the  engorgement  becomes  intense, 
the  heart-  at  each  diastole  being  distended  to  its  ntniofit  capa- 
city. It  now  becomes  incapable  of  emptying  itself;  the  con- 
tractions become  very  unfrequent,  perhaps  three  or  fonr  in  a 
minute,  and  are  progressively  enfeebled.  The  organ  ie  dark, 
almost  black,  owing  to  the  circnlation  of  TenonB  blood  in  its 
substance.  If  respiration  be  not  resninedj  this  distention 
continues,  the  contractions  become  leas  frequent  and  mor^ 
feeble,  and  in  a  few  njinnteft  entirely  cease* 

The  arrest  of  the  action  of  the  heart,  under  thege  cireum- 
stances,  is  chiefly  meebanicaL  The  nnaerated  blood  paaees 
with  difficulty  through  the  capillaries  of  the  system,  and  as 
the  heart  is  eonijtantly  at  work,  the  arteries  become  immensely 
distended.  This  is  proven  by  the  great  increase  in  the  arte- 
rial pressure,  while  these  ve^els  are  full  of  black  blood.  If 
we  now  closely  examine  the  heart  and  great  vesBclB,  wc  are 
able  to  note  distinctly  the  order  in  which  they  become  dis* 
tended.  These  phenomena  were  particularly  notice*!  and  do- 
scribed  by  Prof  Dalton,  and  they  demonstrate  conelnsirely 
that  in  asphyxia  the  obstruction  to  the  circnlation  comment*e6, 
not  in  the  lungs,  as  is  'coram only  supposed,  hut  in  the  capil- 
laries of  tlie  system,  and  is  propagated  backwards  to  the  heart 
through  the  arteries, 

*^  The  obstacle  to  the  passage  of  venouB  blood  through  the 
capillarieSj  therefore,  is  partial,  not  complete.  But  it  is  still 
sufficient  to  produce  an  immediate  backward  engorgement  of 
the  arterial  system.  Then  the  aorta  becoines  difltended  at  its 
origin,  and  the  left  ventricle  and  left  auricle  in  succession, 
being  unable  to  relieve  themselves  of  blood  through  the  arte- 
rial system,  become  distended  in  a  similar  manner.  Daring 
this  time  the  same  kind  of  engoi^ment  takes  place  in  the  pul- 
monary artery  and  the  right  cavities  of  the  heart ;  th 
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the  distention  of  the  pulmonary  artery  is  never  so  excessive 
as  that  of  the  aorta,  either  because  there  is  less  obstacle  to 
the  passage  of  venous  blood  through  the  lungs  than  through 
the  general  capillaries,  or  because  the  injecting  force  of  the 
light  ventricle  is  less  than  that  of  the  left,  or  because  less 
T)lood  is  supplied  by  the  capillaries  to  the  veins,  and  by  the 
^eins  to  the  right  side  of  the  heart.  In  either  case  the  prin- 
cipal accumulation  is  certainly  in  the  arterial  system."  * 

The  dist^ition  of  the  heart  in  asphyxia  is  therefore  due  to 
"the  fact  that  unaerated  blood  cannot  circulate  in  the  systemic 
c^apillaries.  When  thus  distended,  its  muscular  fibres  become 
2)aralyzed,  like  any  muscle  after  a  severe  strain. 

If  respiration  be  resxmied  at  any  time  before  the  heart's 

action  has  entirely  ceased,  the  organ  in  a  few  moments  re- 

^sumes  its  normal  ftmction.    "We  first  notice  a  change  from 

'tie  dusky  hue  it  has  assumed  to  a  vivid  red,  which  is  owing 

'^0  the  circulation  of  arterial  blood  in  its  capillaries.     The 

distention  then  becomes  gradually  relieved,  and  for  a  few 

^■^oments  the  pulsations  are  abnormally  frequent.     If  we  now 

<=^pen  an  artery,  it  will  be  found  to  contain  red  blood.    An  in- 

^traoaent  applied  to  an  artery  will  show  a  diminution  of 

^^rterial  pressure  and  force  of  the  heart's  action,  if  the  arrest 

^'^f  respiration  has  been  carried  only  far  enough  to  moderately 

^^istend  the  heart ;  or  an  increase  in  the  pressure  and  force  of 

"^^he  heart,  if  its  action  has  been  nearly  arrested.     A  few  mo- 

^^^ents  of  regular  insufflation  will  cause  the  pulsations  to  re- 

^*-ume  their  normal  character  and  frequency. 

In  the  hxmian  subject,  the  eflects  of  temporary  or  perma- 
•^^ent  arrest  of  respiration  on  the  heart,  are  undoubtedly  the 
16  as  those  observed  in  experiments  upon  the  warm-blood- 
animals.  .  In  the  same  way,  also,  it  is  possible  to  restore 
'ie  normal  action  of  the  organ,  if  respiration  be  not  too  long 
'  ^^spended,  by  the  regular  introduction  of  fresh  air  into  the 
*3ngB.    The  numerous  examples  of  animation  restored  by 

'Baltoh,  Zeefiires  on  (he  Phyaiology  of  the  Circulation^  published  in  tho 
'^afo  Medleal  Journal  and  New  York  Review^  lecture  II J.,  April,  1860. 
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artificial  respiration,  in  drownings  etc%j  ptirtieularl j  by  ivhat 
is  known  a^  tlie  ilarsLall  Hall  method,  are  evidonce  of  tJiis 
fact.  In  cases  of  asphjxiSj  those  meaBures  by  which  artliicial 
respiration  is  most  eifectually  maintained  have  been  found 
most  efhcieut* 

Certain  individuals  have  the  power  of  temporarily  ai*rest- 
ing  the  action  of  tJie  lieart  bj  a  voluntary  6usi>ension  of  res- 
piration. The  mo&t  remarkable  case  of  this  kind  on  record 
IS  tliat  of  Colonel  Townshend,  which  is  quoted  in  many 
works  on  pliysiology.'  Col*  T.  was  said  to  be  able  to  arrest 
respiration  aod  the  action  of  the  heart  bo  completely  as  to 
simulate  death.  When  in  this  condition,  the  pulse  was  not 
perceptible  at  tlie  wrist  nor  over  tlie  pra?€ordia,  a  mirror  held 
before  the  mouth  was  not  tamiBlied,  and  he  was  to  all  ap- 
pearances dead.  On  one  occasion,  in  the  presence  of  several 
medical  gentlemcUj  he  remained  in  this  condition  for  half  an 
hour ;  afterwards  the  functions  of  respiration  and  ci:*culation 
becoming  gra<:lnany  reestablished.  TliiSj  to  say  the  least,  is  a  . 
very  remarkable  case,  but  is  credited  by  many  physiologists. 

Cause  of  the  Hhythmtoal  Cc^iiraetions  of  the  Heart. 

The  jilienoraena  attending  the  action  of  the  heart  pre- 
sent few  difficnlties  in  their  investigation,  compared  with  the 
study  of  the  cause  of  the  regular  contractions  and  relaxations, 
which  commence  early  in  foetal  development,  to  terminate 
only  with  life.  This  interesting  question  has  long  engfiged 
the  attention  of  physiologists,  and  has  been  the  subject  of 
mtmerous  experiments  and  speculations.  It  would  be  idle 
to  follow  the  various  theories  which  have  been  offered  to 
account  for  this  constant  movement,  except  as  a  subject  of 
purely  historical  interest ;  for  many  of  them  are  based  uj^n 
a  very  imperfect  knowledge  of  the  phenomena  of  the  circu- 


^  DuNQLisoK,  Human,  Phydal^y^  PbOadelpbU,  ISA 6.    Eighth  editioj)^  voL  L, 


p,  406, 
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tioo,  and  have  fallen  to  the  ground,  as  fteience  has  advanced. 

Lt  the  present  day,  though  we  are  perhaps  as  lar  as  ever 
from  a  knowledge  of  the  actual  cause  of  the  regular  move- 
tneot^f  we  arc  prtjtty  well  acquainted  with  the  various  condi- 
tions which  modify  and  regulate  them,  and  have  arrived  at  a 
limit  of  knowledge  which  thero  seems  little  prospect  of  ex- 
ceeding. The  enthusiastic  dreamers  of  past  ages  hoped  to 
jliBcover  the  seat  of  the  soul  and  arrive  at  the  prhiciple  oi' 

tfes,  bat  we  are  as  much  in  the  dark  as  A^ere  they  with  regard 
to  the  cmise  of  the  various  vital  phenomena.  We  know,  for 
example,  how  to  induce  contraction  in  a  living  muscle,  or 
one  which  is  just  separated  from  the  organism  and  has  not 
yet  lost  what  we  call  its  mkil propeHks^  hut  we  must  confess 
our  utter  ignorance  when  we  ask  ourselves  w^iy  it  acts 
in  regpuose  t^  a  stimulus.  The  wonderful  advances  we 
ha%^«  made  in  chemistry  and  microscopic  anatomy  do  not 
diselo&e  the  vital  principle ;  and  w^hen  we  come  to  examine 
the  Ymrious  conditions  under  which  the  heart  \^  ill  t^ontiinie 
it^  contractionSj  we  are  arrested  by  the  impoesibiUty  of  fathom- 
ing the  mystery  of  the  came  of  contraction.  The  heart  is, 
anatomically,  very  much  like  the  voluntary  muscles;  but  it 
has  a  constant  function  to  perform,  and  will  act  without  any 
palpable  ejEcitatioUj  while  the  latter,  which  have  an  occa- 
Bioaal  fanetion,  act  only  under  the  Lniiuenee  of  a  natural 
stimaluB  like  the  nervous  force,  or  artificial  irritation, 
Tlie  movements  of  the  heart  are  not  the  only  examples  ofj 
wlmt  seema  to  be,  spontaneous  action.  The  ciliated  epithe- 
lium is  in  motion  from  the  beginning  to  the  end  of  lUe,  and 
will  continue  for  a  certain  time  even  after  the  cells  are  de- 
tached from  the  organism.  This  motion  cannot  beex^dained, 
ttnless  we  call  it  au  explanation  to  say  that  it  is  dependent 
on  vital  properties. 

But  if  we  are  yet  ignorant  of  the  absolute  causa  of  the 
rhythmical  contraction  of  tlie  heart,  we  are  pretty  well  ac- 
ipiainte^l  with  the  influences  which  render  its  action  regular, 
powerftil,  ^»d  s^ufficiunt  for  the  purposes  of  the  economy.    It 
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will  facilitate  our  coni prehension  of  this,  to  compare 
action  with  tliat  of  the  ordinary  voluntary  musclea 

In  the  first  place,' every  one  knows  that  the  action  of  tl 
heart  ib  involuntary.     We  can  neither  arrest,  retard^  nor 
accelerate  its  pulflations  by  a  dboct  eflort  of  the  will.    In  this 
statement  we  of  counse  CKcept  those  examples  of  aire&t  by 
the  stoppage  of  respiration,  or  acceleration  by  violent  exer 
cise,  etc.     In  this  respect  the  heart  differs  from  certain  mi 
cl^,  like  the  nimelefl  of  respiration,  which  act  invoiuntarilj 
it  is  true,  but  whose  action  may  be  temporarily  arrested 
accelerated  Ijy  a  direct  voluntary  eflort. 

The  laBt-nientioned  fact  gives  us  the  precise  difference 
between  tho  he^irt  and  all  other  striped  muscles.  All  of 
them,  in  order  to  contract,  must  receive  a  stimuhis,  either 
natural  or  artificiaL  The  natural  stimulus  comes  from  Ul^f 
nervous  centres,  and  is  conducted  bv  the  nerves.  If  the  nerves 
goiny  to  any  of  the  respiratory  musclesj  for  example,  be 
divided,  the  muscle  is  paralysed,  and  will  not  contract  with- 
out some  kind  of  irritation.  Connection  with  the  nervous 
system  does  not  geem  necessary  to  the  action  of  the  heartj  fa 
it  will  eontraet,  especially  in  the  eold-blooded  animals,  eon 
time  after  its  removal  from  tlie  body, 

"When  a  muscle  has  been  removed  from  the  body,  and ' 
subjected  to  a  stimulus,  such  as  galvanism,  mechanical  or 
chemical  irritation ^  it  is  thrown  into  contraction;  but  if  care- 
fully protected  from  irritation^  will  retnain  quie^centi     Con- 
traction in  this  instance  is  evidently  produced  by  the  appli- 
cation of  the  stimulus  ;  but  the  question  arises,  Why  does  th 
muscle  thus  respond  to  stimulation  1   This  ia  a  question  whic 
it  is  impossible  to  answer  satisfactorily,  but  one  concemiii 
which  our  ideas^  since  the  time  of  Ilaller,  have  assumed 
definite  fonn.     This  great  physiologist  caOed  tbe  proper 
which  causes  the  nmscle  thus  to  contract,  irrikihility  •  wliic 
is  nothing  more  nor  less  than  an  unexplained  property : 
hei^nt  in  the  muscle,  and  continuing  as  long  as  it  retains  il 
absolute  physical  and  chemical  integrity.     More  than  a  hu 
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dred  years  ago,  Haller  described  certain  tissues  of  the  body 
which  possessed  this  "irritability,"  such  as  the  muscles, 
stomach,  bladder,  etc.,  and  the  diflFerent  degrees  of  irritability 
with  which  each  one  was  endowed.*  He  applied  this  theory 
to  the  action  of  the  heart,  which  he  considered  as  the  part 
endowed  with  irritability  to  the  highest  degree.  His  theory 
of  the  action  of  the  heart  was  that  its  rhythmical  contraction 
depended  upon  the  irritability  inherent  in  its  muscular  fibres. 
He  was  far  from  denying  the  various  influences  which  modi- 
fied this  action,  but  regarded  its  actual  power  of  contraction 
as  independent.  It  will  be  interesting  to  review  some  of  the 
fects  which  were  established  by  Haller,  and  by  numerous 
physiologists  who  have  since  investigated  this  subject,  and 
see  how  far  this  view  of  the  independence  of  the  contractile 
power  of  the  heart  accords  with  the  present  state  of  our 
knowledge. 

Experiments  have  shown  that  the  heart  will  pulsate  for  a 
time  when  removed  from  all  connection  with  other  parts  of 
the  organism.'  In  the  cold-blooded  animals,  in  which  the 
irritability  of  the  tissues  remains  for  some  time  after  death, 
this  is  particularly  marked.  It  is  not  the  blood  in  the  cavi- 
ties of  the  heart  which  causes  it  to  contract,  for  it  will  pul- 
sate when  its  cavities  have  been  emptied.     It  is  not  the  con- 


*  HAfj.ini,  Mhnoires  tur  la  Nature  Setmhle  et  Irritable  dee  ParOee  du  Corps 
'^nkndl,  Lausaxme,  1766)  tome  I  These  views  with  regard  to  the  cause  of  the 
*ctiofi  of  the  heart  were  first  advanced  by  Haller  in  1739  in  commentaries  on  the 
'"liistitates  "  of  Boerhaave  (Mem,  de  Haller,  p.  87). 

^  Xumat>us  instances  of  contractions  of  the  heart  in  cold-blooded  animals  con- 
^'ikiiing  for  a  very  long  time  after  excision,  are  on  record.  Dr.  Dunglison,  in  his 
^ork  on  Physiology  (op.  «/.,  vol.  i.,  p.  408),  mentions  several  instances  where  the 
'^^^rt  pulsated  for  from  ten  to  twenty-four  hours  after  removal  from  the  body. 
^^le  most  remarkable  examples  of  this  prolonged  action  were  in  the  heart  of  the 
•^^ttlgeoii.  In  one  instance,  in  an  experiment  on  a  large  alligator,  we  found  the  heart 
t^^daating,  in  iitu^  twenty-eight  hours  after  the  animal  had  been  killed  by  the  ii^'ec- 
^*on  of  a  solution  of  woorara.  The  heart  was  then  excised,  and  continued  to 
*^e«t  doling  a  long  series  of  experiments,  until  it  was  arrested  by  powerful  compres* 
vion  with  the  hand,  after  it  had  been  filled  with  water  and  the  vessels  tied. 
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tact  of  the  air,  for  the  heart  will  pulsate  id  a  vacuum/     Thi 
heart  does  not  receive  itb  irritabilitj  from  the  aeiToiis 
tern,  for,  when  remoTed  from  the  body,  it  has  no  connection 
with  the  nervous  &jstera ;  and  it  i^  not  probable  that  it  re- 
ceives any  influence  from  eympiitlietic  ganglia  which  hav©^ 
lately  been  discovered  in  its  snlistance,  for  detache^l  portion^| 
of  the  heart,  will  pulsate,  and  the  contractions  of  the  organ 
will  continue  in  animals  pfiisoned  with  woorara,  which  ia^ 
known  to  paralyze  the  motor  system  of  nerves. 

It  is  iinnecessar}*  to  refer  to  the  varioiLS  expen  raent 
which  have  demonstrated  the  independeuce  of  the  contrac*! 
tions  of  the  heart.  They  are  of  Buch  a  simple  nature  that  they 
may  be  verified  by  any  one  who  will  take  the  tronble  to  ex- 
cise tlie  heart  of  a  frog  or  turtle,  place  it  nnder  a  small  bell* 
glass  60  that  it  will  not  be  subject  to  possible  irritation  from 
currents  of  air,  and  watch  it**  pulsationg.  In  sneh  an  observa- 
tiou  as  thisj  it  is  evident  that  for  a  certain  time  contraetions, 
more  or  les^  regular,  will  tate  place ;  and  the  experiments 
referred  to  above  show  tliat  they  take  place  without  any  ex- 
ternal influence.  In  short,  it  is  evident  that  tlie  niusctilar 
fibres  of  the  heart  possess  an  irritability,  by  virtue  of  Avhich 
they  will  contract  intermittently  for  a  timo^  though  no  Mim^^^ 
tdujt  y  applied;  as  ordinary  striped  muscular  fibres  have  an 
irrit-ability,  by  vh^tue  of  which  they  wUl  respond^  for  a  timcj 
to  the  application  of  a  stimulus. 

It  is  manifestly  necessary  that  the  action  of  the  hea 
ehoukl  be  constant,  regular,  and  powerfid ;  and  wdien  we  saj 
tJmt  the  irritability  inlierent  in  its  mnseular  tissue  is  sue 
that  it  will  contract  for  a  time  without  any  external  stimnlui 
we  by  tut  means  assume  that  this  is  the  cause  o^  iXb physkfhi^ 
tml  action-     It  is  only  an  important  and  incontestable  prop 
arty  of  the  muscular  fibres  of  the  hearty  and  itsreffular  (Ectioi^ 
IB  dependent  upon  other  circumstances. 

In  the  fimt  plaee^  we  have  to  inquire  what  makes  the  ac- 
tion of  the  heart  constant.     The  answer  to  this  is,  that  th^ 

'  JofiK  R«it),  in  O^ctopwdia  of  Anatomy  mt%d  Phifmt4o^tf^  toI.  iL,  p. 
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changes  of  nutrition,  by  which,  through  the  blood  circulating 
in  its  substance,  the  waste  of  its  tissue  is  constantly  supplied, 
preserves  the  integrity  of  the  fibres,  and  keeps  them,  conse- 
quently, in  a  condition  to  contract.     This  is  true,  likewise, 
of  the  ordinary  striped  muscular  fibres.     If  the  supply  of 
blood  be  cut  off  from  the  substance  of  the  heart,  especiaUy  in 
the  warm-blooded  animals,  the  organ  soon  loses  its  irritabil- 
ity.   This  was  beautifully  shown  by  the   experiments  of 
Erichsen.     This  observer,  after  exposing  the  heart  in  a  warm- 
blooded animal  and  keeping  up  artificial  respiration,  ligated 
the  coronary  arteries,  thus  cutting  off  the  greatest  part  of  the 
supply  of  blood  to  the  muscular  fibres.     He  found,  as  the 
mean  of  six  experiments,  that  the  heart  ceased  pulsating, 
though  artificial  respiration  was  continued,  in  23^  minutes. 
After  the  pulsations  had  ceased,  they  could  be  restored  by 
removing  the  ligatures  and  allowing  the  blood  to  circulate 
again  in  the  substance  of  the  heart.*    The  same  is  true  of  the 
irritability  of  ordinary  muscles,  as  has  been  lately  shown  by 
the  experiments  of  Dr.  Brown-Sequard,  though  the  continu- 
ous action  of  the  heart  undoubtedly  causes  these  phenomena 
to  be  more  marked  and  rapid.     If  we  take  a  muscle  which 
kas  just  lost  its  irritability  and  will  no  longer  respond  to  the 
most  powerful  stimulus,  and  inject  fresh  blood  by  the  artery 
supplying  it,  the  irritability  will  be  immediately  restored.' 

In  the  second  place,  the  regular  and  powerful  contraction 
rf  the  heoH  is  provided  for  by  the  circvlation  of  the  hlood 
^^^VM^A  its  cavities.     Though  the  heart,  removed  from  the 
I^ody,  will  contract  for  a  time  without  a  stimulus,  it  can  be 
^ade  to  contract  during  the  intervals  of  repose  by  an  irri- 
^nt,  such  as  the  point  of  a  needle,  or  a  feeble  current  of  gal- 
vanism.   For  a  certain  time  after  the  heart  has  ceased  to 
^Utract  spontaneously,  contractions  may  be  induced  in  this 
^^J.    This  can  easily  he  demonstrated  in  the  heart  of  any 

^  london  Medical  OazetU,  July  8,  1842. 

'  BaowK-SAQUARD,  ProprieUs  et   Usages  du  zang  rouge  et  du  sang  fioir, 
J»«ma;  ^fc  ^  PhynJogU,  1868,  tome  i.,  p.  96  et  teq. 
15 
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animal,  warm  or  cold-blooclecL  This  irritabi]it\%  which 
manitestedj  under  these  circumstances,  in  precisely  the  Bame 
wt^y  as  in  ordinary  muscles^  is  different  in  degree  in  different 
parts  of  the  organ,  llaller  and  others  have  shown  that  it  is 
greater  in  the  cavities  than  on  the  surface ;  for  loug  after  ir- 
ritation applied  to  the  exterior  fails  to  excite  eontractionj  the 
organ  will  respond  to  a  stioiulus  apphed  to  its  interior.  The 
experiments  of  llaller  also  show  that  fluids  iti  the  cavities  of 
the  heart  have  a  retnarkable  influence  in  exeiting  and  keep- 
ing up  its  contractions*  This  ohser ration  is  of  much  interest^ 
m  showing  conclnsivelj  that  the  presence  of  blood  is  neces- 
Bary  lo  the  natural  and  regular  action  of  the  heart-  W^fl 
quote  one  of  the  experiments  oii  this  point  pertbrraed  upon  i^ 
cat: 

«    *    *    »    Ti^g  guperior  vena  cava  having  been  divid- 
ed, and  the  inferior  ligated,  and  the  pulmonary  artery  opened, 
and  the  right  ventricle  emptied  by  a  sufficient  compression^ 
and  the  aorta  ligated,  all  with  promptitude,  I  saw  the  riglilH 
auricle  repose  firatj  the  right  ventricle  eontmued  to  beat  foi^^ 
some  time  in  unisou  with  tlie  left  ventricle,  and  it^s  waUs  de- 
Bcended  toward  the  middle  line  of  the  heart :  but  thif^  ven^^ 
tricle  did  not  delay  to  Jom  its  movement  the  first.     As  for 
the  other  ventricle,  which  could  no  longer  eniply  itself  into 
the  aorta,  it  was  filled  with  blood,  and  its  movement  contin- 
ued for  four  hours*     *     *     *     "  *  ^H 

This  experiment  was  confh*med  by  numerous  others,     IliH 
will  be  observed  that  one  side  of  the  heart  was  made  to  cense 
its  pulsations,  while  the  other  eide  continued  to  contract,  by 
simply  removing  the  blood  from  it^  interior;  wliicli  eonchv- 
sively  proves  that,  though  the  heart  may  act  for  a  time  in- 
dependently, the  presence  of  blood  in  its  cavities  is  a  stim-^H 
ulus  capable  of  prolonging  its  regular  pukatiouB*    Schiti'  haa^a 
gone  fitill  fmther,  and  Buecceded  in  restoring  the  pul&ations 
in  the  heart  of  a  frog,  which  had  ceased  after  it  had  been 

^  Hjujjyt,  Memoim  aur  la  N^aiur^  Irriiahk  «f  Smti^i  diet  Btrfftft,  <le»,  Ume 
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emptied,  by  introducing  a  few  drops  of  blood  into  the  au- 
ricle.*    Our  own  experiments  upon  the  hearts  of  alligators 
and  turtles  show  that  when  removed  from  the  body  and 
emptied  of  blood,  the  pulsations  are  feeble,  rapid,  and  irreg- 
ular; but  that  when  filled  with  blood,  the  valves  being  de- 
stroyed so  as  to  allow  free  passage  in  both  directions  between 
the  auricles  and  ventricle,  the  contractions  become  powerful 
and  r^ular.     In  these  experiments,  when  water  was  intro- 
duced instead  of  blood,  the  pulsations  became  more  regular, 
but  were  more  frequent  and  not  as  powerful  as  when  blood 
wag  used.'     These  experiments  show  also  that  the  action  of 
the  heart  may  be  affected  by  the  character,  particularly  the 
density,  of  the  fluid  which  passes  through  it,  which  may  ex- 
plain its  rapid  and  feeble  action  in  anemia. 

It  seems  well  established  that  the  heart,  though  capable 
of  independent  action,  is  excited  to  contraction  by  the  blood 
88  it  passes  through  its  cavities.     A  glance  at  the  succession 
of  its  movements,  particularly  in  the  cold-blooded  animals, 
where  they  are  so  slow  that  the  phenomena  can  be  easily  ob- 
served, will  show  liow  these  contractions  are  induced.     If  we 
look  at  the  organ  as  it  is  in  action,  we  see  firet  a  disten- 
^on  of  the  auricle ;  this  is  immediately  followed  by  a  con- 
traction filling  the  ventricle,  which  in    its  turn  contracts. 
Undoubtedly  the  tension  of  the  fibres,  as  well  as  the  contact 
^f  blood  in  its  interior,  acts  as  a  stimulus ;  and  as  all  the 
fibres  of  each  cavity  are  put  on  the  stretch  at  the  same  in- 
stant, they  contract  simultaneously.     The  necessary  regular 
distention  of  each  cavity  thus  produces  rhythmical  and  forcible 
contractions ;  and  the  mere  fact  that  the  action  of  the  heart 
dtemately  empties  and  dilates  its  cavities,  insures  regular 
pulsations  as  long  as  blood  is  supplied,  and  no  disturbing  in- 
fluences are  in  operation. 

The  muscular  fibres  of  the   heart  are    endowed  with 

'  Ifxure-EDWAKDS,  op,  cit,y  tome  iv.,  p.  126. 

*  Action  of  ihe  Heart  and  Resptratioriy  American  Journal  of  the  Medical 
^**»««»,  Oct  1861. 
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an  mlierent  property,  called  irritahilUy^  by  Tirtue  of  wliieli 
tliey  will  contract  for  a  certain  time  without  the  applicatiotig 
of  a  stioiulus.  Irritability,  inaDifotett  in  tbis  way^  continue 
BO  long  as,  by  the  procesaes  of  nutritiooj  the  libres  are  maiE 
tainted  in  their  integrity.  The  mueciilar  tiBsue,  however,  ^nay" 
be  tlirowB  into  contraction,  during  the  intervals  of  repose,  by 
the  application  of  a  stimulus  a  property  which  is  enjoyed 
by  all  muscular  fibres.  The  irritability  raanifeated  in  this 
way  is  much  nioj-e  markctl  in  the  interior  than  on  the  exterior 
of  the  organ.  Blood  in  contact  vritb  the  bning  membrane  ofH 
the  heart  acts  aa  a  stimulus  in  a  remarkable  degree,  and  is 
even  capable  of  restoring  irritability  after  it  has  become  ex- 
tinet.  The  passage  of  blood  through  the  heart  is  the  natural 
stimulus  of  the  organ,  and  may  be  said  to  lie  the  €<auMe  of 
its  reyvlar  j}tiUaiiane^  though  it  by  no  means  endows 
libres  with  their  contractOe  properties. 


Tf^uenm  of  the  Nermu€  Sydmfh  €n  the  Heart, 

Tlie  movements  of  the  heart,  as  we  have  seen,  are  not 
directly  under  the  control  of  the  will ;  and  observations  on 
the  human  sulijet^tj  aji  well  as  on  living  animals,  have  shown 
that  the  organ  is  devoid  of  general  sensibility.  The  latter 
fact  was  demonstrated  in  the  most  satisfactory  manner  by  Uar- 
vey  in  the  case  of  the  Viscount  Montgoraery.  In  this  ease 
the  heart  was  exposed  ;  and  Harvey  found  that  it  could  be 
touched  and  handled  without  even  the  knowledge  of  the  sub- 
ject- This  has  been  veritied  in  other  instances  in  the  human 
subject.  Its  physiological  movements  are  capable  of  being 
inflneneed  in  a  I'em  ark  able  degree  through  the  nervoim  sys- 
tem, notwithstanding  this  iDsensibility^  and  in  spite  of  the 
tlact  that  the  muscular  fibres  composing  it  are  capable  of 
contraction  when  removed  from  all  connection  with  the 
liody,  aud  thjit  the  regular  pulsations  can  be  kept  up  tor  a 
long  time  by  the  mere  passage  of  blood  through  its  cavities. 
The  influcuee  thus  exerted  is  so  great,  that  some  eminent  an- 
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thorities  held  the  opinion  that  the  cause  of  the  irritability  of 
the  organ  was  derived  from  the  nerves.  One  of  the  most 
distinguished  advocates  of  this  opinion  was  Legallois.  This 
observer  arrested  the  action  of  the  heart  of  the  rabbit  by  sud- 
denly destroying  the  spinal  cord,  from  which  he  drew  the 
conclusion  that  the  heart  derived  its  contractile  power  from 
the  cerebro-spinal  system.*  The  experiments  which  we  have 
already  cited,  showing  the  continuance  of  the  heart's  action 
after  excision,  disprove  this  so  completely,  that  it  was  not 
thought  worth  while  to  discuss  this  view  while  treating  of 
the  cause  of  its  rhythmical  contraction.  The  same  may  be 
said  with  regard  to  the  experiments  of  Bracliet,  in  which  he 
endeavored  to  prove  that  the  contractility  of  the  heart  is  de- 
rived from  the  cardiac  plexus  of  the  sympathetic  system  of 
nerves.  The  fact  that  the  heart  does  not  depend  for  its  con- 
tractility upon  external  nervous  influence  may  be  regarded 
as  long  since  definitely  settled ;  but  within  a  few  years  the 
discovery  in  its  substance  of  ganglia  belonging  to  the  sympa- 
thetic system  has  revived,  to  some  extent,  the  view  that  its 
Jnitability  is  derived  from  nerves. 

It  is  not  necessary  to  follow  out  all  the  experiments  which 
eombine  to  demonstrate  the  incorrectness  of  this  view.    Ber- 
nard, by  a  series  of  admirably  conceived  experiments  upon 
fte  eflfects  of  the  woorara  poison,  has  succeeded  in  demon- 
abating  the  distinction  between  muscular  and  nervous  irri- 
tability.'    In  an  animal  killed  with  this  remarkable  poison, 
flie  functions  of  the  motor  nerves  are  entirely  abolished ;  so 
that  galvanization,  or  other  irritation,  does  not  produce  the 
^lightest  eflfect.     Yet  the  muscles  retain  their  irritability,  and 
ft'  artificial  respiration  be  kept  up,  the  circulation  will  con- 
tinue for  a  long  time.     The  heart,  by  this  means,  seems  to 
^  isolated  from  the  nervous  system  as  completely  as  if  it  were 
^^caised;  and  galvanization  of  the  pneumogastric  nerves  in 

'  L1QALLOI8,  CBhivret,  tome  i.,  p.  97. 
BiEHAKDy  Lefoiu  tur  lea  EffeU  des  Substances  Toxiques  d  MidiaimerUeuses, 
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the  neck,  which,  in  a  living  animal,  will  immediately  arrest 
its  action,  has  no  effect.  On  the  other  hand,  poisoning  by 
the  sulpho-cyanide  of  potassium  destroys  the  muscular  irrita- 
bility, and  leaves  the  nerves  intact.  By  these  experiments, 
which  we  have  frequently  repeated,  we  can  completely  sep- 
arate the  nervous  from  the  muscular  irritability,  and  show 
their  entire  independence  of  each  other ;  and  there  is  every 
reason  to  suppose  that  the  heact,  like  the  other  muscles,  does 
not  derive  its  contractility  from  any  other  system. 

It  is  evident,  however,  that  the  heart  is  often  powerfully 
influenced  through  the  nerves.  Sudden  and  violent  emotions 
will  occasionally  arrest  its  action,  and  have  been  known  to 
produce  death.  Palpitations  are  to  be  accoimted  for  in  the 
same  way.  Some  of  the  modifications  which  we  have  already 
considered,  depending  on  exercise,  digestion,  etc.,  are  effected 
through  the  nerves ;  and  it  is  through  this  system  that  the 
heart,  and  all  the  important  organs  of  the  body,  are  made  to 
a  certain  extent  mutually  dependent.  It  becomes  interesting, 
and  highly  important,  then,  to  study  their  influences,  and 
follow  out,  as  clearly  as  possible,  the  action  of  the  nerves 
which  are  distributed  to  the  heart. 

The  anatomical  connections  of  the  heart  with  the  nervous 
centres  are  mainly  through  the  sympathetic  and  the  pneu- 
mogi\stric  norve?i.  AVe  can  study  the  influence  of  these  nerves 
to  most  advantage  in  two  wavs :  first,  by  dividing  them  and 
watdiing  the  eft\x»t  of  depriving  the  heart  of  their  influence ; 
and  second,  by  exciting  them  by  means  of  a  feeble  current 
of  galvanism.  It  is  well  known  that  in  an  animal  just  killed 
the  **  nervous  force ''  mav  be  closelv  imitated  bv  galvanism, 
which  is  bettor  tluui  any  other  means  of  stimulation,  as  it 
doi\4  not  atlVvt  tlio  integrity  of  the  nerves,  and  the  amount 
of  the  irritation  may  Ik*  easily  regulated.* 

*  Wo  iil)*U  not  viisoxiss  the  effects  upon  the  he«rt  of  sudden  destruction  of  the 
jn>>*t  t«ervovis  vvntrv^  It  hdiji  be«i  shown  that  the  he*rt  becomes  mrrested  when 
I  ho  hr*u\  is  om:^\i,  *<  bv  «  Wow  with  a  hanuner,  when  the  medulla  oblongata  or 
tho  s^x'uul  wM  \:5  suiiiionh  dt><tTv\v\^i ;  and  eren  the  crushing  of  a  foot,  in  the  frog, 
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Experiments  on  the  influence  of  the  Bjmpathetic  nerves 
apon  the  lieart  five  not  quite  as  satisfactory  as  we  might 
desire.     Brachet  asserts  that  the  action  of  the  heart  is  imrae- 

,  diately  arrested   hy  destroying  the   tiftnliac  plexus/     With 

'  regard  to  this  observation,  we  must  take  into  account  the 
difficulty  of  making  the  operation^  and  tlie  distiirbEvnce  of  the 

|lieaJt  consequent  upon  the  necessary  manipulation  a  ;  circum- 
ttanees  which  take  away  nmeh  of  ita  value.  It  has  been 
shown  pretty  eonelnsivoly^  however,  that  stimuhition  of  the 
Bvmpatlietic  in  the  neck  huM  the  effect  of  accelerating  the 
E^abations  of  the  heart."  The  extreme  difficulty  of  dividing 
['the  branches  of  the  Bympathotie  going  to  the  organ  leaves 

'  a  donlit  as  to  whether  such  an  operation  would  definitely 
abridge  its  action. 

We  have  next  to  consider  the  influence  of  the  pnenino- 
gafitries  upon  the  heart.  Experiments  on  these  nerves  are 
made  with  greater  facility  than  on  the  nerves  of  the  sympa- 
thetic system,  and  the  results  are  mndi  more  satisfactory. 
Like  all  the  cerebro-gpinal  nerves,  the  influence  generated 
in  the  nervous  centre  from  which  they  take  their  origin 
B  conducted  along  the  norvc,  and  manifested  at  its  distribu- 
tion. When  they  are  divided,  we  may  be  sure  that,  as  far 
they  are  concern edj    all  tlie  organs  which  they  supply 

'fcre  cut  off  from  nervous  influence  ;  and  when  galvanized  in 
their  course,  we  imitate  or  exaggerate  the  influence  sent  from 
the  nervous  centre. 

Tlie  invariable  effect  on  the  heart  of  division  of  the  pneu* 
tnogastric  nerves  in  the  neck  is  an  increase  in  the  frequency, 

|.and  dimiotitiou  in  the  force j  of  its  pulsations.     One  or  two 

[  fciA  bma  ksinwn  lo  produce  ttA»  efftK.'t  In  Une,  thh  ma.j  be  dime  hy  nnj  ext€Q* 
[tive  fojuiy  to  the  nerroua  gjiit^in;  but  tlaiii  fuet  docs  not  teiicti  via  mueb  with 
to  Ui<!  phj&iologiCJil  mfitiiinera  of  the  nerrtfa.  For  exjinip^  wbile  crusb- 
riogof  tbc  bmiti  lUTedCfl  lh<?  hearty  tlie  hmin  ma.?  be  renM>Ted  from  a  U?ing  uumal, 
\  iBDil  ibe  beart  w!!l  beat  for  diys,  Expcrltnents  uik]»  ibti  mfluenee  of  tbo  mediiUa 
obtoiigata  Mid  fiplnd  con)  arc  by  tio  meatus  antisfaetory, 

*  Oifdopmiiii  a/  AnaiMHif  and  /*At/ttol(3^,  rot  11,  p.  613. 

*  ]CitiSi^EDWAAr<8,  Ffi^olo^e^  tomeiv.,  p.  156^  note. 
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writers  have  denied  this  fact,  but  it  is  confirmed  by  the  testi- 
mony of  nearly  all  experimenters.  To  anticipate  a  little  in 
the  history  of  the  pnenmogastric  nerves,  it  may  be  stated  that 
while  they  are  exclusively  sensitive  at  their  origin,  they  receive 
after  having  emerged  from  the  cranial  cavity  a  number  of 
filaments  from  various  motor  nerves.  That  they  influence 
certain  muscles,  is  shown  by  their  paralysis  after  division  of 
the  nerves  in  the  neck ;  as,  for  example,  the  arrest  of  the 
movements  of  the  glottis. 

Having  this  double  property  of  motion  and  sensation,  and 
being  distributed  in  part  to  an  organ  composed  almost  exclu- 
sively of  muscular  fibres,  which,  as  we  have  seen,  is  not  en- 
dowed with  general  sensibility,  we  should  expect  that  their 
section  would  arrest,  or  at  least  diminish,  the  frequency  of 
the  heart's  action.  What  explanation,  then,  can  we  oflfer  for 
the  fact  that  this  seems  actually  to  excite  the  movements 
of  the  heart?  We  will  be  better  prepared  to  answer  this 
question  after  we  have  studied  the  effects  of  galvanization  of 
the  nerves  in  a  living  animal,  or  one  in  which  the  action  of 
the  heart  is  kept  up  by  artificial  respiration. 

Numerous  experiments  have  been  made  with  reference  to 
the  eftects  on  the  heart  of  galvanic  currents,  both  feeble  and 
l)owerful,  passed  through  the  pneumogastrics  before  division, 
of  currents  passed  through  the  upper  and  lower  extremities 
after  division,  etc.,  a  full  detail  of  which  belongs  properly  to 
the  ]>hysiological  history  of  the  nervous  system.  In  this  con- 
nection, a  few  of  these  facts  only  need  be  stated. 

It  has  been  shown  by  repeated  experiments,  which  we 
have  frequently  confirmed,  that  a  moderately  powerful  cur- 
rent of  galvanism  passed  through  both  pneumogastrics  will 
arrest  the  action  of  the  heart,  and  that  the  organ  will  cease 
it^  eontraetions  as  long  as  the  current  is  continued.  This 
experiment  has  been  performed  upon  living  animals,  both 
with  and  without  exposure  of  the  heart.  The  arrest  is  not 
due  to  violent  and  continued  contraction  of  the  muscular 
fibres ;  on  the  contrary,  the  heart  is  relaxed,  its  ventricles  are 
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rid,  and  its  fibres  are  for  the  time  paralyzed.  The  qnes- 
tion  then  arises  whether  Uiie  actioB  is  directly  exerted  on  the 
heart  through  the  nerves,  or  whether  an  influence  is  conveyed 
to  the  nervous  centre,  and  transmitted  to  t!ie  heart  m  another 
way.  This  is  settled  by  tlie  experiment  of  dividing  tlie 
nerves  and  galvanizing  alternately  the  exti-eniities  connected 
with  tlie  heart  and  those  connected  with  the  nervous  centres. 
It  has  been  ascertained  that  galvanization  of  the  extremities 
comiected  with  the  heart  arrests  its  action,  while  galvaniza- 
ticm  of  the  central  extremities  has  no  snch  effect.  Another 
'  interesting  fact  also  ghows  that  the  influence  exerted  upon 
the  heart  is  through  the  motor  filaments  of  the  pneumogas- 
trica*  It  has  been  shown  by  Bernard,  in  a  very  curious  series 
of  experiments  which  we  will  not  fully  discuss  in  this  connec- 
tion, tliat  the  woorara  poison  paralyzes  only  the  motor  nerves, 
leaving  the  sensory  nerves  intact.  If  we  expose  the  heart 
and  pneuniogastric  nerves  in  a  warm-blooded  animal  poi- 
loiied  with  this  agent,  and  continue  the  pulsations  by  keep- 
mg  up  artificial  respiration,  we  find  that  the  most  powertul 
eurrent  of  galvanism  passed  through  the  pneumogastrics  has 
no  effect  upon  the  heart.  The  effect  of  a  feeble  current  of 
gidvatiisni  upon  the  motor  nerves  is  so  like  the  operation  of 
the  natural  gtimulusj  or  nervous  force,  that  tor  a  time  many 
[physiologists  regarded  the  two  foi'ces  as  identicah  Though 
I  this  view  is  not  received  at  the  present  day,  it  is  an  admitted 
fact  that  by  galvanism  we  imitate  in  the  closest  manner  the 
natural  action  of  the  motor  nerves,  and  this  has  become  a 
BOftt  valuable  means  of  investigation  into  the  physiology  of 
le  nervous  system. 

Tlioiigh  galvanization  of  the  pneumogaetrics  arrests  the 

Action  of  the  lieart  in  nearly  all  auiinals,  there  are  ^me  in 

'lifhicli  this  does  not  take  place,  aii  in  binls;  a  fact  which  is 

Fmtated  by  Bernard,*  but  for  which  ho  offers  no  explanation. 

In  some  cocperiments  Instituted  on  this  subject  a  few  years 
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ago  on  alligatorsj  we  noticed  a  singular  peeuliaritj  ttIiic 
throws  Bome  light  on  tlic  cpiestion  we  are  now  considerin| 
Desiring  to  denioiistrate  to  the  claes  at  the  New  Orleans 
School  of  Medicine  the  action  of  the  heart  in  this  animal,  an 
alligator  six  feet  in  length  was  poiaoned  with  woorani,  and_ 
tlie  heart  exposedp    The  animal  came  under  the  inflnence 
the  poison  in  abont  thirty  minutes,  when  the  dissecth: 
commenced,  and  was  quite  dead  when  the  heart  was  es 
The  pnenmogastries  were  then  exposed  and  galyanized,  with 
the  etfect  of  promptly  arresting  the  action  of  the  heart,    Tlik^^ 
obBervatiou  was  verified  in  another  experiment-     We  weia^ 
at  first  at  a  loss  to  account  for  the  absence  of  effect  of  the 
woorara  on  the  motor  filaments  of  the  pnenmogastric  nerveR ; 
hut  on  reflection  thought  it  might  he  due  to  slow  abftoi*ption  of 
the  poison  in  bo  large  a  cold-blooded  animal.     Witii  a  viei 
of  ascertaining  whetlior  there  is  any  difference  in  the  prompt " 
nefi«  with  which  ditJereiit  ncr\^es  in  the  body  are  affected  bj 
this  ag^mt,  we  made  the  folloT\"ing  experiment  upon  a  doj 
The  animal  was  hn night  under  the  influence  of  ether,  an^ 
the  heiirt,  the  pnenmogfistriee,  and  the  sciatic  nerve  wef 
expoged-     Galvanization  of  the  sciatic  produead  mu&cular 
contraction  J  and  of  the  pnenmogastric-s  arrested  the  heaz^H 
promptly*     A  grain  of  woorara,  dissolved  in  water,  was  the^^ 
injected  under  the  skin  of  the  thigh.     One  hour  after  the 
injection  of  the  woorara^  the  sciatic  was  tbund  insensible 
galvanism,  but  the  heart  could  he  arrested  hj  galvanizatic 
of  the  pneumogastrica,  though  it  required  a  powerful  curroulj 
A  wealcer  current  diminished  tlie  trequency,  and  increased 
the  force,  of  its  pulsations/      In  this  experiment,  the  operv^^ 
tion  of  opening  the  chest  undoubtedly  diminished  the  aetivil^^ 
of  absorption  of  the  poison^  and  consequently  retarded  its  ef- 
fects upon  the  nervous  system.     Taken  in  connection  with 

'  This  mcTe^ac  in  tbc  force  cf  the  hc&n^  which  uccompunicd  the  ditnmution] 
tho  fTCqucQcy  of  ita  pwli^atiotis^  consequetJt  upon  feeble  guLviLtiixatioji  of  ih^  jin 
nuj^iilrlcB,  was  conE^tanilj  observed  m  many  eipedments*    Tlio  tmce  of  tbc  |ial- 
i«tiotti  wofl  tncasured  bj  thi*  caxdiometer- 
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the  ob^rvflHotig  on  alligators,  it  Bhows  thfit  the  motor  nerves 
JjAre  not  all  a&cted  at  the  eanae  time,  and  that  the  pneuma- 
ricss  resist  the  action  of  this  peculiar  poison  after  the 
mlor  nerves  generally  are  paralyzed.     This  shows  a  conser- 
Pvativt^  provision  of  Nature  which  guards  particularly  the  im- 
portant influence  exerted  by  these  nerves  upon  the  heart,* 

Oiu*  knowledge  of  the  inlierent  properties  of  the  inusimlar 
fibres  of  tlie  heart,  and  the  efiects  of  the  passage  of  blood 
through  its  cavities,  whicb  together  are  competent  to  keep 
up  for  a  time  regular  pulBatious  without  the  intervention  of 
the  nervons  eystem^  taken  in  connection  with  the  iac-ts  just 
itated,  concerning  the  inflnence  of  section  or  galvanization 
af  the  pneuinogristrie  nerves,  enables  ns  to  comprehend  pretty 
well  the  influence  of  these  nerves  on  the  heart.  T/tef/  nn- 
dmthtcdhj  perform  the  importmit  /hnciwu  of  retpdnting  the 
/brm  andfrtqvcnci/ofit^pidsations, 

Ilardly  any  reflection  is  necessary  to  convince  ns  of  the 
importance  of  such  a  function,  and  how  it  must  of  necessity 
be  accomplished  through  the  pneumogastrics.  It  is  impor- 
tant, of  course,  that  the  heart  should  act  at  all  times  with 
nearly  the  same  fVjrce  an*l  frequency.  AYe  have  seen  that 
the  inhei'ent  properties  of  its  fibres  are  competent  to  make  it 
contract,  and  the  necessar^^  intermittent  dilation  of  its  cavi- 
tks  makes  these  contractions  assume  a  certain  regularity ; 
but  the  quantity  and  density  of  the  blood  are  subject  to  very 
coDslderable  variations  within  the  limits  of  health,  which, 
^nthout  some  regulating  influence,  Avouhl  undoubtedly  cause 
Turtations  in  the  heart's  action,  so  considerable  as  to  be  inju- 
rious^ This  is  shown  by  the  comparatively  inefficient  and 
palpitating  action  of  ttie  heart  when  the  pneumogastrics  are 
divided*  These  nerves  convey  to  the  heart  a  constant  influ- 
encCj  which  we  may  compare  to  the  insensible  tonicity  iui- 
part^ed  to  voluntary  muscles  by  the  general  motor  system* 

*  For  details  of  lii«ee  ejEperimeiita  the  n^ader  is  rieferred  to  nn  ttrtide  bj  thi! 
MliMirp  OQ  Um  A^Hitm  of  iAe  Hv^ri  ^nd  E^imtiim^  \u  The  Americttn  Jt^umai  of 
Mw^mi  S^«im,  Oct,,  1801. 
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For  we  know  that  when  a  set  of  mnflcles  on  one  side  is  par- 
alyzed, as  in  facial  palsy,  their  tonicity  is  lost,  they  become 
flaccid,  and  the  muscles  on  the  other  side,  without  any  effort 
of  the  will,  distort  the  features. 

We  can  imitate  an  exaggeration  of  this  force  by  a  feeble 
current  of  galvanism,  which  makes  the  pulsations  of  the  heart 
less  frequent  and  more  powerful ;  or  exaggerate  it  still  more 
by  a  more  powerful  current,  which  arrests  the  action  of  the 
heart  altogether. 

Phenomena  are  not  wanting  in  the  human  subject  which 
verify  these  views.  Causes  which  operate  through  the 
nervous  system  frequently  produce  palpitation  and  irregular 
action  of  the  heart.  Cases  are  not  uncommon  in  which  pal- 
pitation habitually  occurs  after  a  full  meal.  There  are  in- 
stances on  record  of  immediate  death  from  arrest  of  the 
heart's  action  from  fright,  anger,  grief,  or  other  severe  men- 
tal emotions.  Syncope  from  these  causes  is  by  no  means  un- 
common. In  the  latter  instance,  when  the  heart  resumes  its 
functions,  the  nervous  shock  carried  along  the  pneumogastrics 
is  only  sufficient  to  arrest  its  action  temporarily.  When 
death  takes  place,  the  shock  is  so  great  that  the  heart  never 
recovers  from  its  effects.' 


Summary  of  certain  Causes  of  Arrest  of  ths  Action  of  the 

Heart, 

In  warm-blooded  animals,  the  heart's  action  speedily 
ceases  after  it  is  deprived  of  its  natural  stimulus,  the  blood. 
It  is  not  from  experiments  on  the  inferior  animals  alone  that 
we  derive  proof  of  this  fact.  It  is  well  known  that  in  profiise 
hemorrhage  in  the  human  subject,  the  contractions  of  the 

*  An  explanation  of  the  influence  of  the  pneumogastric  nerves  on  the  heart, 
very  like  the  one  we  have  given,  is  made  by  Longct  ( Trmik  de  Fhifniologiey 
Paris,  1861,  tome  i.,  p.  785);  but  this  author  assumes  that  the  pneumogastrics 
and  the  sympathetic  have  an  antagonistic  action,  the  former  moderatmg,  and  the 
latter  accelerating  the  heart's  action. 
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Heart  are  progressively  enfeebled,  and,  when  the  loss  of  blood 
lias  proceeded  to  a  certain  extent,  are  permanently  arrested. 
Oases  of  transfiision  after  hemorrhage  show  that  when  blood 
i»  introduced,  the  heart  may  be  made  to  resume  its  pulsa- 
"tioLs.  The  same  result  takes  place  in  death  by  asthenia ;  and 
^^^«i8e8  are  on  record  where  life  has  been  prolonged,  as  in  hem- 
^^»liage,  by  transftision  of  even  a  small  quantity  of  healthy 
^lood.  These  facts  have  been  demonstrated  on  the  inferior 
^'^imals  by  experiments  already  cited.  The  experiment  of 
-^Jailer,  in  which  the  action  of  the  right  side  of  the  heart  of  a 
<^^i  was  arrested  by  emptying  it  of  blood,  while  the  left  side, 
"^^hich  was  filled  with  blood,  coutinued  to  pulsate,  showed 
"^fcat  the  absence  of  blood  in  its  cavities  is  competent  of  itself 
'^<5  arrest  the  heart.  The  experiments  of  Erichsen,  who  par- 
alyzed the  heart  by  ligating  the  coronary  arteries,  and  Schiff, 
'^ho  produced  a  local  paralysis  by  ligating  tlie  vessel  going  to 
"^lie  right  ventricle,  show  that  the  heart  may  also  be  arrested 
l>jr  cutting  off  the  circulation  of  blood  in  its  substance.  Both 
pf  these  causes  must  operate  in  arrest  of  the  heart's  action 
*^  hemorrhage. 

The  mechanical  causes  of  arrest  of  the  heart's  action  are 
^f  considerable  pathological  importance.  The  lieart,  in 
Common  with  other  muscles,  may  be  paralyzed  by  sufficient 
^^echanical  injury.  A  violent  blow  upon  the  deltoid  paralyzes 
^Ke  arm;  a  severe  strain  will  paralyze  the  muscles  of  an 
^3Ktremity ;  in  the  same  way  excessive  distention  of  the  cav- 
ities of  the  heart  will  arrest  its  pulsations.  This  is  shown  by 
^nest  of  the  circulation  in  asphyxia.  We  have  already  seen, 
tlxat  under  these  circumstances  the  heart  is  incapable  of 
ft>Tcrag  the  unaerated  blood  through  the  systemic  capillaries ; 
it  finally  becomes  enormously  strained  and  distended,  and 
eonaequently  paralyzed.  The  same  result  follows  tlie  appli- 
^^^tion  of  a  ligature  to  the  aorta.  This  effect  may  be  pro- 
^'KJed,  also,  in  the  cold-blooded  animals,  in  which,  if  the 
heart  be  left  undisturbed,  the  pulsations  will  continue  for  a 
Jorig>  ^jj^Q^     rjTj^Q  following  experiment  illustrating  this  point 
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was  performed  upon  the  heart  of  an  alligator  six  feet 
length ; 

Tlie  animal  was  poisoned  with  woorara,  and  twenty-eighii 
hours  after  death  the  heart,  which  had  been  expos^ed  and  left" 
in  situ^  was  pnkating  i*egular!y.     It  was  then  removed  from^ 
the  bodj,  and  after  BOtue  experiments  on  the  comparative^ 
force,  etc.,  of  the  pulsations,  when  eniptVj  and  when  filled 
with  blood,  was  filled  with  water,  the  valves  having  been 
destroyed  so  as  to  allow  free  jvassage  of  the  fluid  through  the 
cavities,  and  the  %'essek  ligatecU     ''  The  ventricles^  still  filled 
with  water  confined  in  then*  cavity,  were  then  firmly  eoni*^ 
pressed  with  the  handj  so  as  to  subject  the  muscular  fibres  ta^| 
powerful  compression-     From  that  time  tlie  heaJl  entirely 
ceased  its  contractions,  and  became  hard^  like  a  muscle  in  &« 
state  of  cadaveric  rigiditj-' ' '  ^| 

This  experiment  shows  how  completely  and  promptly  tlie 
heart,  even  of  a  cold-blooded  animal,  may  l>e  arrested  in  its 
action  by  mechanical  injury. 

Gases  of  deatli  from  distention  of  the  heart  are  not  inf 
quent  in  practice     It  \^  well  established  that  the  form 
oiganic  discjtse  which  most  frequently  leada  to  Budden  deatl 
is  that  in  which  the  heart  is  liable  to  great  distention.     We 
refer  to  disease  at  tho  aortic  orifice.     In  other  lesions,  tlier^^H 
is  not  this  tendency  ;  hut  when  tlie  aortic  orifice  is  con  tract  ed^^H 
or  the  valves  are  insufficientj  any  great  disturbance  i>f  the 
circnlation  will  canfte  the  heart  to  become  engorged,  which 
liable  to  produce  a  fatal  result. 

Most  persons  are  practically  familiar  with  the  dist 
ing  senee  of  aufibcation  which   frequently   follows  a  bloi 
npon  the  epigastrium.     A  iew  eases  ai'O  on  record  i}i  instar 
taneous  death  following  a  comparatively  slight  blow  in  this 
res^ion.    We  had  an  opportunity  in  the  winter  of  i854-*55  ol 
witnessing  an  autopsy  in  a  case  of  this  kind,  ^  A  3^01111  j 
nuilatto  man,  employed  as  a  waiter  at  ttie  Louisville  Hote\ 
received  a  blow  in  tho  epigastrinra^  while  froheking,  which 

^  Atnerimn  Journal,  Oct  1891,  p,  352. 
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produced  instantaneous  death.     On  post-mortem  examination 
uo  lesion  was  discovered.     Though  these  cases  are  rare,  they 
are  well  known,  and  the  effects  are  generally  attributed  to 
injury  of  the  solar  plexiis.     The  distress  is  precisely  what 
'^ould  occur  from  sudden  arrest  of  the  heart's  action ;  for  it 
^  the  blood  charged  with  oxygen  and  sent  by  the  heart  to 
^te  system,  which  supplies  the  wants  of  the  tissues,  and  not 
^He  simple  entrance  of  air  into  the  lungs ;  and  arrest  of  the 
^iiculation  of  arterial  blood,  from  any  cause,  produces  suffo- 
^^^tion  as  completely  as  though  the  trachea  were  ligated. 
Tlis  fact  is  clearly  proven  by  experiments  in  the  article  re- 
^xred  to  above.     It  is  a  question  whether  the  arrest  of  the 
*ieart;,  if  this  be  the  pathological  condition,  be  due  to  concus- 
sion of  the  nervous  centre,  or  to  the  direct  effects  of  the  blow 
^pon  the  organ  itself.     Our  present  data  do  not  enable  us  to 
^liswer  this  question  definitely,  but  rather  incline  us  to  the 
^I>inion  that  in  such  accidents  the  symptoms  are  due  to  direct 
injury  of  the  heart.     An  additional  argument  in  favor  of  this 
^ew  is  founded  on  our  knowledge  of  the  mode  of  operation 
^f  the  sympathetic  system.     The  effects  of  stimulation  or 
^ritation  of  this  system  are  not  instantaneously  manifested, 
*s  is  the  case  in  the  cerebro-spinal  system,  but  are  developed 
slowly  and  gradually. 

As  far  as  we  have  been  able  to  learn  by  experiment,  the 
^^rvous  influences  which  arrest  the  action  of  the  heart  oper- 
ate through- the  pneumogastrics.     As  we  have  just  seen,  we 
^^ti  closely  imitate  this  action  by  galvanism.     The  causes  of 
^^l^est  in  this  way  are  numerous.    Among  them  may  be  men- 
^^otied,  sudden  and  severe  bodily  pain  and  severe  mental 
^^^otions.     With  the  exceptions  of  arrest  of  the  heart  from 
''^^^sa  of  blood  and  from  distention,  from  whatever  cause  it  may 
^^^^^^nir,  stoppage  of  the  heart  takes  place  through  the  nervous 
^-ystem.     It  may  be  temporary,  as  in  syncope,  or  it  may  be 
^^^^nnanent ;  examples  of  which,  though  rare,  are  sufficiently 
^^^ll  authenticated. 


CHAPTER  VI. 

CIBCnLATION  OF  THE  BLOOD  IN  THE  ASTEBIES. 

Physiological  anatomy  of  the  arteries — Ck)ar8e  of  blood  in  the  arteries— Elastidtr 
of  the  arteries — Contractility  of  the  arteries — Locomotion  of  the  arteries  and 
production  of  the  pulse— Form  of  the  pulse— Sphygmograph — Pressure  of 
blood  in  the  arteries — Hemodynamometer — Cardiometer — ^Differential  oardio- 
meter — ^Pressure  in  different  parts  of  the  arterial  system — ^Influence  of  respi- 
ration on  the  arterial  pressure — ^Effects  of  hemorrhage — ^Rapidity  of  the  cup> 
rent  of  blood  in  the  arteries — ^Instruments  for  measuring  the  rapidity  of  the 
arterial  circulation — ^Yariations  in  rapidity  with  the  action  of  the  heart— Ra- 
pidity in  different  parts  of  the  arterial  system — ^Arterial  munnurs. 

In  man  and  in  all  anhnals  possessed  of  a  double  heart, 
each  contraction  of  this  organ  forces  a  charge  of  blood  from 
the  right  ventricle  into  the  pulmonary  artery,  and  from  the 
left  ventricle  into  the  aorta.  We  have  seen  how  the  valves 
which  guard  the  orifices  of  these  vessels  effectually  prevent 
regurgitation  during  the  intervals  of  contraction.  There  is, 
therefore,  but  one  direction  in  which  the  blood  can  flow  in 
obedience  to  this  intermittent  force ;  and  the  fact  that  in  the 
smallest  arteries  there  is  an  acceleration  in  the  current  coin- 
cident with  each  contraction  of  the  heart,  which  disappears 
when  the  action  of  the  heart  is  arrested,  shows  that  the  ven- 
tricular systole  is  the  prime  cause  of  the  arterial  circulation. 

This  part  of  the  physiology  of  the  circulation  is  not  as 
simple  as  we  might  at  first  be  led  to  suppose.  The  arteries 
have  the  important  function  of  supplying  nutritive  matter  to 
all  the  tissues,  of  furnishing  to  the  glands  materials  out  of 
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"^h-ich  the  secretions  are  formed,  and  in  short  are  the  avenues 
oT  supply  to  every  part  of  the  organism.  The  supply  of 
l^lood  r^ulates,  to  a  considerable  extent,  the  process  of  nu- 
trition, and  has  an  important  bearing  on  the  general  and 
si>ecial  functions.  The  physiological  processes  necessarily 
<i^mand  considerable  modifications  in  the  quantity  of  arterial 
*^lood  which  is  furnished  to  parts  at  different  times.  For  ex- 
^^^ple,  during  secretion,  the  glands  require  twice  or  three 
txxnes  as  much  blood  as  in  the  intervals  of  their  action.  The 
®^rce  of  the  heart,  we  have  seen,  varies  but  little  within  the 
*ii3iit8  of  health,  and  the  conditions  necessary  to  the  proper 
^^i«tribution  of  blood  in  the  economy  are  regulated  almost 
^^dnaively  by  the  arterial  system.  These  vessels  are  not  in- 
^^^  tubes,  but  are  endowed  with  elasticity,  by  which  the  cir- 
^^^^tion  is  considerably  facilitated,  and  with  contractility,  by 
"^^liich  the  supply  to  any  part  may  be  modified,  independent- 
ly" of  the  action  of  the  heart.  Sudden  flushes  or  pallor  of  the 
^^c^imtenance  are  examples  of  the  facility  with  which  this  may 
t^^  effected.  It  is  evident,  therefore,  that  the  properties  of 
^  *^c  coats  of  the  arteries  are  of  great  physiological  importance. 
^^e  will  then  commence  the  study  of  tliis  division  of  the  cir- 
^^Xlatory  system  with  a  consideration  of  its  physiological 
•^^i-atomy. 

Physiological  Anatomy  of  the  Arteries, 

The  vessels  which  carry  the  venous  blood  to  the  lungs 
*^^©  branches  of  a  great  trunk  which  takes  its  origin  from  the 
rfght  ventricle.     They  do  not  differ  in  structure  from  the 
^easds  which  carry  the  blood  to  the  general  system,  except 
^  the  fact  that  their  coats  are  somewhat  thinner  and  more  dis- 
tensible.   The  aorta,  branches  and  ramifications  of  which  sup- 
ply all  parts  of  the  body,  is  given  off  from  the  left  ventricle. 
Just  at  the  origin,  behind  the  semilunar  valves,  the  aorta  has 
three  sacculated  |)ouches,  called  the  sinuses  of  Valsalva.    Be- 
yond this  point  the  vessels  are  cylindrical.    As  we  recede 
16 
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from  the  lieart,  the  arteries  hrimch,  diride,  and  snbdUide 
until  they  are  reduced  to  microgt^opic  size.  The  branches^ 
with  the  exception  of  the^  intercostal  arteries^  which  make 
nearly  a  right  angle  with  the  thoracic  aorta^  are  given  off 
at  an  acute  angle.  As  a  rule,  the  arteries  are  nearly 
Btraightj  taking  the  shortest  course  to  the  parts  which  they 
supply  with  blood ;  and  while  the  branches  progressively  di- 
minish in  %\zey  but  few  are  given  oflF  between  the  great  trunk 
and  the  minute  veaeek  which  empty  into  the  capillary  sys- 
tern.  Haller  conn  ted  but  twenty  branches  of  the  mesenteric 
artery  l>etween  the  aorta  and  tlie  capillaries  of  the  intestines,' 
So  long  as  a  vessel  gives  off  no  branchea^  its  caliber  does  not 
progressively  dim  in  ieh;  as  the  common  carotids^  which  are 
BB  large  at  their  bifurcation  as  they  are  at  tbeir  origiiL 
There  are  one  or  two  instances  in  which  vessels,  though  giv- 
ing off  numerous  brancbca  in  their  course,  do  not  diminish 
in  size  for  some  distance;  as  the  aorta,  which  ie  aa  lai^  at 
the  point  of  division  into  the  iliacs^  as  it  is  in  the  chest ;  and 
the  vertebral  arteries,  which  do  not  diminish  in  caliber  imtil 
tJiey  enter  the  foramen  magmim/  With  theae  except ionSj  as 
we  recede  from  the  heart,  the  caliber  of  the  vessels  progr^s- 
aively  diminishes.  ^| 

It  has  long  been  remarked  that  the  combined  caliber  uP 
the  branches  of  an  arterial  trunk  is  much  greater  than  that  of 
the  main  veBsel ;  so  that  the  arterial  system,  as  it  branches, 
increases  in  capacity* 

The  arrangement  of  the  arteries  is  such  that  the  requisite 
snpply  of  blood  is  sent  to  all  parts  of  the  economy  by  the 
shortest  course,  and  with  the  least  expenditure  of  force  from 
the  heart.  Generally  the  vessels  are  so  situated  as  not  to  l»e 
exposed  to  pressure  and  consequent  intermption  of  the  cur- 
rent of  blood ;  hut  in  certain  situations,  as  about  some  of  the 
joints,  there  is  necessarily  some  hahility  to  occasional  com- 

"  Cifdifpfedia  &f  An&iomif  and  Ph^thh^^  voL  L,  p,  220;  imd  iJUixKa,  Sk*  - 
menta  i%iio%ia',  lomua  L,  b«c  i,  f  If, 
•Ibid 
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pression.  In  eome  aitnatione,  also,  as  in  tlie  vessels  going  to 
the  braiD,  particularly  in  some  inferior  aTiitaals,  it  is  neces- 
BUjy  t^  moderate  the  force  of  the  blood  current  on  account 
of  the  delicate  structure  of  the  organs  in  which  they  are  dis- 
tributed. Here  Nature  makes  a  provision  in  the  shape  of 
anastomoses ;  by  which,  on  the  one  hand,  comprcaaion  of  a 
vessel  simply  diverts,  and  does  not  arrest,  the  current  of 
blood,  and  on  the  other  hand,  the  current  is  rendered  more 
!;itablo  and  the  force  of  the  heart  moderated. 

The  arteries  are  provided  with  membranous  sheaths,  of 
greater  or  less  st^Fengthj  as  the  vessels  are  situated  in  parts 
more  or  l^s  exposed  to  disturbing  influences  or  accidents. 

Researches  into  the  minute  anatomy  of  the  arteries  have 
shown  that  thej  are  possessed  of  three  pretty  well  marked 
coats.  Ab  these  vary  verj^  considerably  in  arteries  of  different 
me&^  in  their  description,  it  is  convenient  to  divide  the  ves^ 
BeU  into  three  classes, 

1,  The  largeM  arteries  /  in  which  are  included  all  that  are 
larger  than  tfie  carotids  and  common  iliacs, 

2,  The  arteries  of  Hfhedium,  size  *  that  is,  between  the 
carotids  and  Oiacs  and  the  smallest. 

3,  Th4  smaS^st  arteries^'  or  those  less  than  ^j  to  ^  of  an 
inch  in  diameter/ 

The  largest  arteries  are  endowed  with  great  strength  and 
elasticity.  Their  external  coat  is  composed  of  white  or  in- 
elastic fibrous  tissue.  According  to  KollLkerj  this  coat  is  no 
thicker  in  the  lai^geet  vessels  than  in  some  of  the  vessels  of 
medium  size.  In  some  medium-sized  vessels  it  is  actually 
thicker  than  in  the  aorta.  This  is  the  only  coat  which  h 
vaacular. 

The  middle  coat^  on  which  the  thickness  of  the  vessel  de- 

■  This  is  cflseotully  the  dlflHion  m&d^  by  KtiUlker  {Manual  t}/  Human  Micrth 
mopi§  Amthmy,  LoeidoD,  1860^  p,  485),  Eotne  fttiatoaitats  malcL^  five  or  Gvca 
mom  OOftll  to  the  Mterici.  The  three  ccmts  are  pretty  well  tnnrked,  ciich  p06^ 
Mirii^  iliadnctiTe  properties.  The  numerous  coats  ^hich  ve  pometiiueti  given 
u%  mm/  of  ttiem,  dmple  Ujere  of  the  ^tme  tlMue.  The  diTuioa  into  three  coatfl 
fi  more  limple  &Qd  phy&Ujlagif^L. 
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pendfl,  is  composed  cliieflj  of  the  yellow  elastic  tmue.  This 
tiesue  ia  dieptieed  in  numerotis  layers.  First  we  have  a  thin 
layer  of  ramifying  elastic  fibreg^  and  then  a  nnmber  of  layeiis 
of  elastic  membrane,  with  nunierotJB  oval  longitudinal  open 
ingBj  which  has  givon  it  the  name  of  the  "  fenestrated  mei 
brane."  According  to  KoUiker,  between  the  layei^  of 
membrane  are  found  s  few  nnstriped  or  involuntary  miiBci 
lar  fibregjbnt  Eobin  etates  that  muscular  fil>rea  are  only  found 
in  arteries  of  medium  siisa*  Muscular  fibres,  if  they  exi&t  at 
all  in  the  largest  arteries^  are  very  few,  and  of  little  phy&iq 
logical  importance,  Tlie  middle  coat  of  tlie  largest  arteril 
gives  tlieDi  tJieir  yellowish  hue,  and  the  elasticity  for  whic 
tKey  are  so  remarkable. 

The  internal  coat  of  the  largest  arteries  does  not  differ 
materially  from  the  lining  membrane  of  the  rest  of  tihe 
arterial  system.  It  is  identical  in  structure  with  the  endo- 
cardium, the  menibmne  lining  the  cavities  of  the  heart,  and 
is  continued  through  the  entire  vascular  system.  It  is  a  thin 
homogeneous  membranej  covered  with  a  layer  of  elongat 
epithelial  scales,  with  oval  nuclei,  their  long  diameter  fd 
lowing  the  direction  of  the  Tesseh 

The  arteries  of  medium  size  possess  considerable  etrengtlij 
some  elasticity,  and  very  great  eontraetilityg  In  the  out 
and  inner  coats  wo  do  not  distinguisli  any  great  diflFeren^ 
between  them  and  the  largest  arteries,  even  in  thiekne 
The  essential  diflerence  in  the  anatomy  of  these  vessels 
found  in  the  middle  coat.  Here  we  have  a  continuation 
t!ie  elastic  elements  found  in  the  largest  vessels,  but  reli 
tively  diminished  in  thicknesSj  and  mingled  with  the  tiisifor 
involantary  muscular  fibres^  arranged  at  riglit  aTigles  to 
course  of  the  v^seL  Tliese  fibres  are  found  in  the  mni 
layers  of  the  middle  c(iat,  and,  according  to  Robin,  onlv 
arteries  Braaller  than  the  carotids  mid  primitive  iliacs.  In 
arteries  of  medium  size^  like  the  femoral,  profimda  femor^ 
radial,  or  ulnar,  they  exist  in  nutnerous  layers.     There  is  i 
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distinct  dirision,  ad  regards  tlie  middle  coat,  between  the 
largest  arteries  and  those  of  medinm  size.  As  we  recede  trom 
tlie  heart,  uiuscnlar  fibres  gradually  make  tbeir  appearance 
between  the  elai^tic  layers,  progressivelj  increasing  in  quan- 
tity, while  the  elastic  element  is  diminished. 

Iti  the  imalleM  arterioft  the  external  coat  is  thin,  and  dia- 
ippearg  juet  before  tlie  vessels  empty  into  the  capillary  sys- 
, ;  so  that  the  very  smallest  arteriolt^  have  only  the  inner 
coat  and  a  layer  of  mnsetdar  fibres. 

The  middle  coat  is  composed  of  circular  muscnlar  fibres, 
^thout  any  admixture  of  elastic  elements.  In  vessels  rb 
of  an  inch  in  diameter,  we  have  two  or  three  laj^ers  of  fibres; 
but  m  we  near  the  capillaries,  and  as  the  vessels  lose  the  ex- 
ternal fibrous  coatj  these  fibres  have  but  a  single  layerj 

The  internal  coat  presents  no  difierence  from  the  coat  in 
other  vessels,  with  the  exception  that  the  epithelimn  is  less 
distinctly  marked,  and  is  lost  near  the  capillaries ;  the  mem- 
brane being  studded  with  longitudinal  oval  nuclei, 

A  tolerably  rich  plexus  of  veaeeU  is  found  in  the  external 
coats  of  the  arteries.  These  are  called  the  vasa  vaaatum^  and 
crome  from  tlie  adjacent  arterioles,  having  no  direct  connec- 
tion with  the  vessel  on  which  they  are  distributed*  A  few 
Tesiels  penetrate  the  external  layers  of  the  middle  coat,  but 
none  are  ever  found  in- the  internal  coat, 

Nervous  filaments,  principally  from  the  sympathetic  sys- 
tem, accompany  the  arteries,  in  all  probability,  to  their  re- 
moteist  raiaifications ;  though  they  have  not  yet  been  demon- 
tratcd  iu  the  small<^t  arteriolcii.  These  are  not  distributed 
the  walls  of  the  large  veesels,  but  rather  follow  them  in 
ttheir  course ;  tlieir  filaments  of  distribution  being  found  in 
thoee  vessels  in  which  the  muscular  element  of  the  middle 
coat  predominates.  When  we  come  to  treat  of  the  physiology 
lif  tlie  oi^nic  system  of  nervt^,  we  shall  see  that  the  ^*  vaso- 


'  Tbt  itFQctiire  of  the  amoilcst  arteries  mn  be  beaatirully  eithibited  to  fi^b 
HuiTOMXTpio  pctppumtioafl  of  th43  pb  mater,  In  which  the  Tuit^uJ  {K^iats  Uk  irbicli 
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^*^ajge  of  blood  which  enters  at  each  pulsation,  renders  the 
^^^^^iial  distention  of  the  vessels  less  than  we  should  be  led  to 
^*I>ect  from  the  force  of  the  heart's  contraction.  The  most 
^^tififactory  experiments  on  this  subject  are  those  of  Poisen- 
^le.'  This  observer  illustrated  the  dilatation  of  the  arteries 
^^^  the  following  way :  Having  exposed  a  considerable  extent 
^^  the  primitive  carotid  in  a  horse,  he  enclosed  a  portion  in  a 
*^  tube  filled  with  water  and  connected  with  a  small  upright 
Si'aduated  tube  of  glass.  The  openings  around  the  artery,  as 
^^  passed  in  and  out  of  the  apparatus,  being  carefully  sealed 
"^^th  tallow,  it  is  evident  that  any  dilatation  of  the  vessel 
'^'onld  be  indicated  by  an  elevation  of  the  water  in  the  grad- 
'Oated  tube.  This  experiment  invariably  showed  a  marked 
dilatation  of  the  artery  with  each  contraction  of  the  heart. 

"  We  remark  that  the  dilatation  is  not  very  considerable ; 
thug  it  is  not  easy  to  recognize  it  by  simple  inspection,  in  an 
^itery  of  even  the  caliber  of  that  which  occupies  us,  after  we 
l^ve  it  exposed."' 

It  being  fully  established  that  the  arteries  are  dilated  with 
^^h  ventricular  systole,  it  becomes  important  to  study  the 
^^fluence  of  their  elasticity  upon  the  current  of  blood.  Divi- 
^ou  of  an  artery  in  a  living  animal  exhibits  one  of  the  im- 
portant phenomena  due  to  the  elastic  and  yielding  character 
^f  its  walls.  We  observe,  even  in  vessels  of  considerable 
^*^  as  the  carotid  or  femoral,  that  the  flow  of  blood  is  not 
^^termittent,  but  remittent  With  each  ventricular  systole 
^ere  is  a  sudden  and  marked  impulse ;  but  during  the  inter- 
'^^ds  of  contraction,  the  blood  continues  to  flow  with  consid- 
erable force.  As  we  recede  from  the  heart,  the  impulse 
p^comee  less  and  less  marked ;  but  it  is  not  entirely  lost,  even 
*^  the  smallest  vessels,  the  flow  becoming  constant  only  in 
"^e  capillary  system.  That  the  force  of  the  heart  is  abso- 
Ititely  intermittent,  is  shown  by  the  following  experiment : 

'  PomuiLLS,  lUtkerchn  wr  V Action  de%  Arthres  dans  la  CireulaHon  ArU' 
'"««Bt»  Jimrtud  de  la  Phyriologie^  1829,  tome  ix.,  p.  44. 
•  n*l,p.48. 
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If  the  organ  be  exposed  in  a  living  animal,  and  a  c^innla 
introduced  through  tlie  walla  into  one  of  the  ventrieleaj  we 
have  a  powerful  jet  at  each  systole^  but  no  blood  ia  diecliaiged 
during  the  diastole.  The  same  absolute  intennittencj  of  the 
current  will  be  Been  if  the  aorta  be  divided.  It  is  evident 
that  we  must  look  to  the  arteriea  themselves  for  the  force 
whicli  produces  afiow  of  blood  in  the  inteiTals  of  the  hearths 
action.  The  conversion  of  the  intermittant  eurrent  in  the 
largest  vessels  into  a  nearly  constant  flow  in  the  smallest 
arterioles  is  effected  bj  the  phjsi^ml  property  of  elas- 
ticity. This  may  l>e  illustrated  in  any  elastic  tube  of 
sufficient  length-  If  we  connect  with  a  syringe  a  series  of 
nihher  tubes  progressively  diminislving  in  caliber,  and  dis- 
ebarging  by  a  very  small  oritiee,  and  ioject  water  in  an  in- 
termittent cmi^^nt,  if  the  apparatus  be  properly  adjustedj 
the  fluid  will  be  discharged  at  the  end  of  the  tnbe  in  a 
continuous  stream.  Nearer  the  syriuge,  the  stream  wiJL 
be  remittent;  and  dii-ectly  at  the  point  of  connection  ffl 
the  sjTinge  with  the  tube,  the  stream  will  bo  intermittent* 
The  intenuittent  Impulse  may  be  said,  in  this  case,  to  be 
progreedvely  abeorbed  by  the  elastic  walls  of  the  tnbe,  Eadi 
impulse  tii^t  distends  that  portion  of  the  tube  nearest  to 
and  furtlier  on,  the  distention  is  dimintshedj  until  it  becoK 
inappreciable.  If  the  syringe  be  connected  with  two  tufc 
one  elastic  and  the  other  inelastiCj  the  cun'ent  will  be  eitl« 
remittent  or  continuous  in  the  one,  and  intermittent  in 
otlier, 

Tliis  modification  of  the  impulse  of  the  heart  has  greax 
ph^-siologieal  importance;  for  it  m  evidently  essential  that 
the  current  of  blood,  as  it  flows  into  the  delicate  capillary 
vessels,  should  not  l>e  alternately  intermitted^  and  impelled 
with  the  Inll  power  of  the  ventricle.  After  all,  it  is  in  the 
capillaries  that  the  blood  performs  its  functions,  and  here  we 
shonld  have  a  constant  supply  of  the  fluid  in  proper  quantity 
mid  in  proper  condition  to  meet  the  nntritive  requirements 
of  the  parte. 
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The  elasticity  of  the  arteries  favors  the  flow  ctf  the  blood 
toward  the  capillaries  by  a  mechanism  which  is  easily  im- 
derstood.  The  blood  discharged  irom  the  heart  distends  the 
elafitic  vesaelj  whieh  reacta^  after  the  distending  force  cease© 
to  operate,  aod  compressea  its  fluid  contents.  This  reaction 
would  have  a  tendency  to  force  the  blood  in  two  directioiifi, 
were  it  not  for  an  instantaneous  closure  of  the  valves,  Tvhich 
makes  regurgitation  impossible.  The  influence  then  can  only 
be  exerted  in  the  direction  of  the  periphery ;  and^  if  we  can 
itnsgine  as  divided  an  action  which  is  propagated  with  such 
rapidity,  the  reaction  of  that  portion  ol'  the  vessel  immedi- 
ly  diBtended  by  the  hearty  distends  a  portion  farther  on, 
wliidi  in  its  turn  distends  another  portion,  and  so  the  wave 
paaees  along  until  the  blood  is  discharged  into  the  capillaries, 
In  this  way  we  can  see  that  in  veeeels  removed  a  sufficient 
distance  from  the  heartj  the  force  exerted  on  the  blood  by 
the  reaction  of  the  elastic  walls  is  competent  to  pi*oduce  a 
very  considerable  current  during  the  intervalfl  of  the  heart'B 
contraction* 

This  theoretical  view  is  fully  candied  out  by  tlie  follow  in  fj 
tttople  and  conclueive  experiment  of  M,  Marey,  lie  con- 
nected two  tubes  of  equal  size,  one  of  rubber  and  the  other 
of  gla^^  with  the  stop-cock  of  a  large  vase  filled  with  water. 
The  elastic  tube  was  provided  with  a  valve  near  the  stop- 
cock, which  prevented  the  reflux  of  fluid,  and  both  were 
fitted  with  tips  of  equal  caliber.  When,  by  alternately  opening 
and  dosing  the  stop-cock,  water  waa  allowed  to  flow  into  these 
tii1x>9S  in  an  intermittent  etream,  it  was  found  that  a  greater 
qtiaiitity  was  discharged  by  the  elastic  tube ;  but  an  equal 
quantity  waa  discharged  by  both  tubes  when  the  stop-cock 
was  lett  open,  and  the  fluid  allowed  to  pass  in  a  continuous 


,  simple  experiment  shows  that  not  only  does  the  elas- 
ticfty  of  the  arteries  convert  the  intermittent  current  in  the 
liigest  vesaels  into  a  current  moi^  and  more  nearly  contin- 

*  Majuct,  Cirttii4iiimi  du  Sang,  Farie^  1863,  pp.  128,  13L 
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uous  as  we  approach  the  periphery,  but  that  when  reflux  if 

prevented  J  as  it  is  by  the  eemiliiiiar  valve®,  the  resiliency  of 
the  arteriefl  assista  the  circulation. 


Coniraettlity  of  Hie  ArU^ies, — It  m  a  fuUj  establi^ed 
anatomical  fact  that  the  mediiim-&ized  and  smdlost  arteries 
aonfeain  contractile  or  muscular  elejuents ;  and  it  is  alao  a 
ftbdi  proven  by  actual  experiment^  that  as  a  consequence  of 
the  condition  of  these  iibres,  the  vessels  undergo  conaiderable 
variation  in  their  caliber.  The  opinions  of  the  older  phyei- 
oloffista  on  thie  question  have  only  an  historical  interest,  and 
will  not,  therefore,  be  discussed.  Among  the  more  recent 
investigations  on  this  subject,  we  have  the  experiments  of  Ch 
Bernard  and  SchiiF,  which  liave  been  repeatedly  confirmed, 
showing  that  through  the  nervous  system  the  museular  coats 
of  arteries  may  be  readily  made  to  contract  or  become  re- 
laxed. If  the  syrapathetic  be  divided  in  the  neck  of  a  raV 
bit,  in  a  very  few  minutes  the  arteries  of  the  ear  on  that  sid^H 
arc  notably  dilated.  If  the  divided  extremity  of  the  nerve 
be  feebly  galvanized,  the  vessels  soon  take  on  contraction,  and 
may  become  smaller  than  on  the  opposite  aide*  These  expe- 
riments demonstrate,  in  the  most  couclnsive  manner,  the  cob 
tractile  properties  of  the  small  arteries,  and  give  ns  an  ide 
how  the  Bupply  of  blood  to  any  particular  part  may  be  i^gul 
lated,  The  vessels  may  be  most  effeetnally  excited  tlirou^ 
the  nervous  system  ;  and  it  is  on  account  of  the  difficulty 
prodncing  marked  results  by  direct  irritation,  that  tie  older 
physiologists  were  divided  on  the  subject  of  their  **  irrita- 
bility,^* 

The  contractility  of  the  arteries  has  great  physiological 
importance.  As  their  fimction  is  simply  to  supply  blood  til^H 
the  varions  tissues  and  organs,  it  is  evident  that  w*hen  tbP^ 
Teesels  going  to  any  particular  part  are  dilated^  the  supply 
of  idooil  is  necessarily  increased.  This  is  particularly  impor- 
tant in  the  glands,  which,  during  tlie  intervals  of  secretion, 
receive  a  comparatively  small  quantity  of  blood,     Bernard 
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LaB  shown,  bj  a  beantifiil  geries  of  experiments,  which  will 
Tje  more  particularly  alluded  to  on  the  siibjeet  of  secretion, 
that  galvanization  of  what  he  calls  the  motor  nerve  of  a 
gland  dilates  the  vessels,  largely  increases  the  supply  of  blood, 
and  induces  secretion  ;  while  galvanization  of  the  sympathetic 
iilameDts  contracts  the  vessels,  diminiahea  the  supply  of  blood, 
and  arrests  seeretion.  The  pallor  of  partB  exposed  to  cold, 
and  the  flush  produced  by  heat,  are  due,  on  the  one  hand,  to 
contraction  J  and  on  the  other  to  dilatation  of  the  small  arter- 
Pallor  and  blushing  from  mental  emotions  are  examples 
^the  same  kind  of  action. 
The  ulterior  effects  on  nutrition,  which  result  from  dila- 
tation of  the  vessels  of  a  part,  are  of  great  interest*  When  the 
inpplj  of  blood  is  much  increased,  as  in  section  of  the 
iympatbetic  in  the  neck,  nutrition  is  exaggerated,  and  the 
temficrature  is  raised  beyond  that  of  the  rest  of  the  body* 

The  idea,  which  at  one  time  obtained,  that  the  arteries 
were  the  seat  of  rhythmical  contractions^  which  had  a  favor- 
able influence  on  the  current  of  blood,  is  entirely  erroneous/ 
It  is  hardly  necessary  to  repeat  that  the  prime  cause  of 
the  arterial  circulation  is  the  force  of  the  ventricles.  We 
.have  seen  that  the  elasticity  of  the  arteries  produces  a  flow 
during  the  intervals  of  the  heart's  action,  and  the  question 
now  arises  whether  the  force  thus  exerted  is  simply  a  re- 
Ltum  of  the  force  required  to  expand  the  vessels,  which  has 
been  borrowed,  as  it  were,  from  the  heart,  or  is  eomothing 
superadded  to  the  force  of  the  heart.  The  experiment  of 
arey,  already  alluded  to,  settles  this  question*  AVlien 
^irater  was  forced  in  an  intermittent  current  into  two  tubes, 
» elastic  and  the  other  inelastic,  but  dischaiging  by  opeu- 
iligs  of  equal  siae,  by  far  the  greater  quantity  was  discharged 
by  the  elastic  tube.    A  little  reflection  will  show  how  the 


'  iehUr  ham  ooileed  rbjthtnical  contraetioiiB  In  the  superficial  mteries  of  the 
['lif  in  the  mbbit,  uid  soto^  otfacr  onimiiJ^;    but  this  phooomcnon  U  exi^i^ 
I'tkm],  asul   tise  moremeuU   do   not   appear  to  fnvor  the    cuireut  of  UocmI* 
iMius-Ki^WAiiiia,  Fh^thhgle  torne^  i^.,  p,  ^17.) 
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Hction  of  tlie  elastic  arteries  miiBt  actually  assist  tlie  circula- 
tion,   Tlie  resiliency  of  the  vessels  is  continually  pressing  their 

contents  toward  the  periphery,  as  regurgitation  is  rendered 
irapos£il>Io  by  the  action  of  the  eemilmiar  valves^  The  dila- 
tatioH  of  the  vessels  \^^th  each  systole,  of  courscj  admits  an 
increased  quantity  of  blood;  and  it  ha^  Ijcen  experimentaOy 
demonstrated,  that  the  same  intermittent  force  exerted  on 
an  inelastic  tuhe^  will  discharge  a  less  quantity  of  liquid 
from  openings  of  equal  caliber. 

Superadded,  then,  to  the  force  of  the  heart,  we  must 
recognize,  as  a  cause  influencing  the  flow  of  blood  in  the 
arteries,  the  r^lieney  of  the  Teasels^  especially  those  of  large 
ske. 

Thus  it  will  be  seen  that  the  arteries  are  constantly  kepi 
distended  with  blood  by  the  heart,  and  by  virtue  of  theif 
elasticity  and  the  progrifssire  increase  in  the  capacity  of  this 
system  as  they  branch,  the  powerful  contractions  of  the  cen- 
trd  organ  only  serve  to  keep  up  an  equable  current  in  the 
capillaries.  The  stnall  vessels,  by  \^ne  of  their  contractile 
walk,  regulate  the  distribution  of  the  blood ;  acting  as  the 
guards  or  sentinels  of  the  process  of  nutrition,  and,  in  fact, 
all  the  numerous  functions  in  which  the  blood  is  eoncemed* 
Obeying  the  commands  transmitted  through  the  sympathetic 
nervous  system,  they  allow  the  passage  to  every  part  of  the 
proper  quantity  of  the  nntritive  fluid  at  the  proper  time. 


Locomoimi  of  the  Arteries  and  Produetion  of  the  P^dm, — 
At  each  contraction  of  the  heart,  the  arteries  are  increased  in 
length,  and  many  of  them  undergo  a  eonsiderabla  locomo- 
tion. This  may  be  readily  observed  in  vessels  which  are 
tortuouri  in  their  cxiurse,  and  is  frequently  very  marked  in  the 
temporal  artery  in  old  persons.  The  elongation  nmy  aUo  be 
seen  if  we  watch  attentively  the  point  where  an  artery  bifur- 
cates,  as  at  the  division  of  the  common  carotid.  It  is  simply 
mechanical  efl'ect  of  sudden  distention ;  which, 
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^mereaaes  tlie  caliber  of  the  vessel,  causes    an    elongation 
evt'ti  more  marked. 

The  finger  placed  over  an  e^^posed  artery,  or  one  whieli 
m  near  the  enrfaee,  experiences  a  sensation  at  every  Iveat 
the  heartj  as  though  the  veasel  were  striking  against  it. 
This  has  long  been  observed,  and  is  called  the  pulse.  Ordi- 
narilj  it  is  appreciated  when  the  current  of  blood  can  he 
subjected  to  a  certain  amount  of  obstniction,  as  in  the  radial, 
which  can  readily  be  compressed  against  the  bone.  In  an 
artery  imbedded  in  soft  parts,  which  yield  to  pressure,  the 
actual  dilatation  of  the  vessel  being  very  slight,  pulsation  is 
felt  with  difficulty,  if  at  all.  When  obstniction  is  complete, 
m  in  ligation  of  a  vessel,  the  pulsation  above  the  point  of 
ligature  is  very  marked,  and  can  he  readily  appreciated  by 
the  eye.  Tlie  explanation  of  this  exaggeration  of  the  move- 
ment 18  the  following:  Normally,  the  blood  passes  ireely 
through  the  arteries,  and  produces,  in  the  smaller  vessels, 
rerv  little  movement  or  dilatation  i  but  when  the  current  is 
obstructed,  as  by  ligation,  or  even  compression  with  the 
linger^  the  force  of  the  heart  is  not  sent  through  the  vessel  to 
the  periphery,  but  is  arrested,  and  therefore  becomes  more 
ci&rked  and  easily  appreciated.  In  vessels  which  have  be- 
come undilatable  and  incompressible  from  calcareous  deposit^ 
thu  pulse  eannot  be  ttlt.  The  character  of  the  pulse  in- 
dieatee,  to  a  certain  e:stent,  tlie  condition  of  the  heart  and 
veaaels.  We  liave  spoken,  wlien  treating  of  the  heart,  of 
the  varying  rapidity  of  the  pulse^  as  it  is  a  record  of  the 

^^pidity  of  the  action  of  this  organ ;  but  it  remains  for  us 

t;o  fsonsider  the  mechanism  of  its  production,  and  its  various 

cJianieters. 

Under  ordinaiy  circumstances,  tlie  pulse  may  be  felt  in 

•ilII  arteries  which  are  ex^josed  to  investigation ;  and  as  it  is 
lue  to  the  movement  of  the  hlood  in  the  vessels^  the  prime 

clause  of  its  production  is  the  contraction  of  the  left  ventricle. 

T'he  hiie  very  interesting  experiments  of  M,  Marey  have 

ft^liawn  that  the  impulse  given  to  the  blood  by  the  heart  is 
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not  felt  in  all  tlie  vessels  at  tte  eame  instant.  Bj  ingeDians 
contriTanceSj  which  will  be  deecribed  fiirther  on,  this  observer 
has  succeeded  in  regietering  simnltaneou&ly  the  impulse  of 
the  heart,  the  pulse  of  the  aorta,  and  the  pufee  of  the  lemoral 
artery.  He  has  thus  ascertained  that  the  contraction  of  the 
ventiiclo  ia  anterior  to  the  pulsation  of  the  aorta,  and  the 
pukatioti  of  the  aorta  precedes  the  puUe  in  the  iemoraL* 
This  only  confirmB  the  views  of  other  physiologiatSj  particn- 
larly  Weborj  who  described  this  progressive  retardation  of 
the  puUe  m  we  recede  from  the  heartj  estimating  the  difter- 
ence  between  the  ventricular  systole  and  the  pulsation  of  the 
artery  in  the  foot,  at  one«seventh  of  a  second-'  The  observa- 
tions of  M.  Marey  are  particularly  referred  to  m  being  the 
most  conclusive. 

It  is  evident  from  what  we  know  of  the  variations  which 
occur  in  the  ibrce  of  the  heart's  action,  the  quantity  of  blood 
in  the  vessels,  and  from  the  clianges  which  may  take  placa  in 
the  caliber  of  the  artcrieSj  that  the  character  of  the  pulse 
must  be  subject  to  numeauis  variations*  Many  of  these  may 
he  appreciated  simply  by  the  sense  of  tondi.  We  find  wri- 
ters treating  of  the  soft  and  compressible  pulsej  tho  hard 
pulse,  the  wiry  pulse,  the  thready  pulae^  etc,  as  indicating: 
vujnoiiti  conditions  of  the  circulatory  system*  The  character 
of  the  pulse,  aside  from  its  fi'equency,  has  always  been  re- 
garded as  of  great  importance  in  disease;  and  the  rariationa 
which  occur  in  health  form  a  mo§t  interesting  subject  for 
phTsiological  inquiry* 


^ 


Form  qf  the  P^dm^ — ^It  is  evident  that  tew  of  the  eharao- 
ters  of  a  pulsation^  occupying  as  it  does  but  a  seventieth 
part  of  a  minute,  can  be  ascertained  by  the  seuse  of  touch 


'  Makit,  t^cttlofKifi  <Jki  8m^^  p.  Wl,  In  ftti  artidc  publiehed  la  tbt 
Jt^fftoJ  cfff  U  Fh^tiotogi^  lBfift«  tome  U,,  p.  2tlt,  Marej  took  groaad  tgiliiit 
tbt  progresaiTe  letftrd&tioa  of  tko  pulfl€  in  vleH«fl  faaovM  ^m  Uie  heart ;  but 
Id  bh  last  work  the  fact  \s  idmUtM,  and  aeema  proven  bejonii  «  doubw 

'  HiLKE'EnwutiTS,  Fh^ffio^t^  tome  ir.,  p.  !S8. 
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L  alone.     This  fact  lias  been  appreciated  by  pbysiologistfi ;  and 
,  -rithin  tbe  last  few  yearss,  in  order  to  accurate) j  study  this 
important  §ubjeet,  iiietrumentd  for  registering  the  impulse 
.felt  by  the  arterial  sjsteDi  bave  b^en  construt^ted,  to  enable 
Ins  to  accurately  analyze  tbe  dilatation  or  movements  of  the 
sels.     Tlie  idea  of  sncli  an  instrument  was  probably  sug- 
geeted  by  the  following  simple  observation  :  WLen  the  legs 
.are  crossed,  with  one  knee  over  the  otherj  the  beating  of  the 
ppopliteal  artery  will  produce  a  marked  movement  in  the  foot 
If  we  could  apply  to  an  arteiy  a  lever  pronded  with  a  mark- 
ing point  in  contact  with  a  slip  of  paper  moving  at  a  detinite 
Irate,  this  point  would  register  the  movements  of  the  vessel, 
and  its  changes  in  caliber*     The  first  phyBiologist  who  put 
this  in  practice  was  Vierordt,  who  conBtnicted  quite  a  com* 
plex  instrument,  so  arranged  that  the  impulse  froni  an  acces- 
sible arteiy,  like  the  radial,  was  conveyed  to  a  lever,  which 
marked  the  movement  upon  a  revolving  cylinder  of  paper. 
This  instrument  was  called  a  ^^sphjgmograph."     The  traces 
made  by  it  were  perfectly  regular,  and  simply  marked  the 
extremes  of  dilatation,  ejcaggerated,  of  course,  by  the  length 
of  the  lever,  and  the  number  of  pulsations  in  a  given  time. 
Tlie  latter  can,  of  course,  be  easily  estimated  by  more  simple 
.means ;  and  as  the  former  did  not  convey  any  very  definite 
f  physiological  idea,  the  apparatus  was  regarded  rather  m  a 
curioiity  than  an  instrument  for  accurate  research. 

The  principle  on  which  the  instrument  of  Vierordt  was 
conBtructed  was  correct,  and  it  only  remained  to  construct 
one  which  would  be  easy  of  application,  and  produce  a 
L trace  representing  the  shades  of  dilatation  and  contraction 
\t{  the  vessels,  in  order  to  lead  to  important  practical  results. 
These  indispensable  conditions    are  fully  realized  in   the 
tiphygmogragh  of  M,  Marey,  to  whose  researches  on  the  cir- 
culation we  have  repeatedly  referred.     The  instrument  sim- 
ply amplifies  the  changes  in  the  caliber  of  the  vessel,  without 
Ldefonning  them  ;  and  though  its  application  is,  perhaps,  not  so 
tea&y  as  to  make  it  generally  useful  in  practice,  in  the  hands 


flphjfimograph  of  MiLKf.  The  Appantas  It  socnrel^  ftitwl  on  the  fbrunn,  m  thsi  i 
•fvlBg  tiader  lli*  acrtw  V,  Ip  dlrt»ctly  oyer  Uw*  rtdkl  artery.  The  tnoTcnitiit*  of  tli*  jrol* 
un  tnanmUteil  t^  tho  kng  and  llgbC  wooden  krer  L^  und  rofktercd  uixia  th«  iBJfiafa 
which  U  mv¥cil  jil  &  fcnowa  rate  by  tho  clock-wDrk  E.  Tbe  ipftantns  l«  »0  «4JiaAted  thaX  I 
tnoveteeuti  of  tho  TOiftcl  ire  ibceEmLtclr  utjpllQed  tud  ngUteivd  ly  the  extranft  fMul  «f  I 
leTer»    C^^^^t,  i£«cA«n!A«i,  el^    Jom^^  di  ta  Fhyai^affU,  AriH,  m^  tome  ML,  p^  ML) 

diseases ;  information  %vhiclL  is  exceedingly  desirable^  and 
could  not  be  arriv^ed  at  by  otber  means  of  investigation  In 
Bbort,  its  mechaDisni  is  bo  accurate  that,  when  ekiUitUj  used, 
it  gives  on  paper  tlia  actual  ^^form  ^'  thepvlm.^ 


Tfuje  of  Yitnjfdt  (IbldX 


This  inetrumentj  applied  to  the  radial  artery,  gives 
trace  very  different  fironi  that  obtained  by  Vierordt, 
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'wsm  simply  a  series  of  reg-iilar  elevations  and  depi^essiona, 
A  comparison  of  the  traces  obtained  by  these  tvvo  observera 
^ves  an  idea  of  the  defects  which  have  been  remeilied  by 
Jkf  arey ;  lor  it  13  evident  that  the  dilatation  and  contraction  of 


yici.  ft. 
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0f  MAtfif,    PortlOJis  <}f  tunr  tr*cca  tnkeo  Jo  dUlt^Dt  ooiMlUJooa  tif  tiio  pnlao  (Ibid.) 

the  arteries  cannot  be  as  regular  and  simple  as  would  be  In- 
ferred merely  Irom  the  trace  made  by  the  instrument  of 
Vierordt^ 

Analyzing  tlie  traces  of  Marey,  we  see  that  there  iB  a 
dQatatioQ  following  the  systole  of  the  heart,  marked  by  an 
elevation  of  the  lever,  more  or  lesa  sndden,  as  indicates  by 
the  angle  of  the  trace,  and  of  greater  or  lest  amplitude.  The 
dilatation,  having  arrived  at  its  maximum,  k  followed  by 
contract  ion;  whieh  may  be  slow  and  regular^  or  may  be,  and 
generally  is,  interrupted  by  a  second  and  slighter  upward 
movement  of  the  lever.  This  second  impulse  varies  veiy 
mnch  in  ami>litnde.  In  some  rare  instances  it  is  nearly  as 
marked  as  the  lirst,  and  may  be  ajipreciated  by  the  finger, 
giving  the  fiensation  of  a  double  pulse  following  each  con- 
traction of  the  heart.     This  is  called  the  dicrotwpuUe. 

As  a  rule,  the  first  dilatation  of  the  vessel  is  sudden,  and 
indicated  by  an  almost  vertical  line ;  this  is  folio wefl  by  a 
«low  reaction,  indicated  by  a  gradual  descent  of  the  trace, 
which  is  not,  however,  absolutely  regular,  but  marked  by  a 
^Itglit  elevation  indicating  a  second  impulse, 

Tlic  amplitude  of  the  trace,  or  the  distance  between  the 
^ugliest  and  lowest  points  marked  by  the  lever^  depends  upon 
tho  amount  of  constant  tension  of  the  vessels,  Marey  has 
'found  that  the  amplitude  is  in  an  hi  verse  ratio  to  the  tension ; 
^liich  IB  very  easily  understood,  for  when  tlie  arteries  are  little 
*liatended,  the  force  of  the  heart  must  be  more  marked  in  its 
17 


258 


CIECULATION. 


effects  than  when  the 


of  blood  in  them  ; 


]iresstire  oi  Diooa  m  mem  is  yovj  { 
Any  eireunistance  ^vliieh  facilitates  the  flow  of  1>lood  from 
the  arteries  into  the  capillariee,  will,  of  course,  relieve  tlie 
tension  of  the  arterial  gystem,  lessen  the  obstacle  to  the  force 
of  the  heartj  and  increase  the  amplitude  of  the  pulsation; 
and  vio&  mrsd.  In  snppoii  of  this  view,  Marey  liaB  foiuul 
that  cold  applied  to  the  surface  of  the  br>djj  contractin£rj  as 
it  doe&j  the  smallest  arteries,  increases  the  arterial  tension 
and  diminishes  the  amplitude  of  the  pulsation;  while  a  mod* 
erate  elevation  of  temperatare  produces  an  opposite  eftect. 

In  nearly  all  tlie  traces  given  by  Marey,  the  cie^*ent  of 
the  lever  indieate^^  more  or  less  oscillatimi  of  the  mass  of  blood. 
The  physical  properties  of  tlie  larger  arteries  render  this 
inevitable.  As  they  yield  to  the  distending  influence  of  the 
heart,  reaction  oecnrs  after  this  force  is  taken  ofl*,  and,  if  the 
distention  be  very  great,  gives  a  second  impulse  to  the  blood. 
This  13  quite  marked,  unless  the  tension  of  the  arterial  system 
be  so  great  as  to  offer  too  much  reststence.  One  of  the  mf>6t 
favorable  conditions  for  the  manifestation  of  dicrotism  is 
diminished  tension,  which  is  always  found  coexisting  with  a 
very  marked  exhibition  of  this  phenomenon. 

The  delicate  instrument  employed  by  Marey  enabled  him 
to  accurately  determine  and  register  these  various  phenomena, 
by  observations  on  arteries  of  the  human  subject  and  animals ; 
and  by  means  of  an  ingeniously  constructed  **  sdiefna^'^  rep- 
resenting the  arterial  system  by  elastic  tubes,  and  the  letl  ven- 
tricle by  an  elastic  bag,  provided  with  valves^  acting  as  a  syr- 
inge, he  satisfactorily  established  the  conditiona  of  tension, 
etc,  necessary  to  tlieir  protlnction.  In  this  B^hetna^  the  regis- 
tering apparatus,  simpler  in  constraction  than  the  sphygmo- 
graphj  could  be  applied  to  the  tubes  with  moTB  accuracy 
and  easep 

He  demonstrated,  by  experiments  with  this  system  of 
tubes,  that  the  amplitude  of  the  pulsations,  the  force  of  the 
central  organ  being  the  same,  is  greatest  when  the  tnbc^  are 
moderately  distended,  or  the  tension  ,  ^  ^     -  -    - 
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^^^^id.    He  demonstrated,  also,  that  a  low  tension  favors 

^iciotism.     In  this  latter  observation  he  diminislied  the  ten- 

^^oii  by  enlai^ng  the  orifices  by  which  the  fluid  is  discharged 

*i^iii  tfie  tubes,  imitating  the  dilatation  of  the  small  vessels, 

*^y  which  the  tension  is  diminished  in  the  arterial  system. 

Ke  also  demonstrated  that  an  important  and  essential  element 

*^  the  production  of  dicrotism,  is  the  tendency  to  oscillation 

^f  the  fluid  in  the  vessels,  between  the  contractions  of  the 

«eart.    This  can  only  occur  in  fluid  which  has  a  certain 

"^^eight,  and    acquires  a  velocity  from    the  impulse;    for 

^vlien  air  was  introduced  into  the  apparatus,  dicrotism  could 

^*^ot  be  produced  under  any  circumstances,  as  the  fluid  did 

*^ot  possess  weight  enough  to  oscillate  between  the  impulses. 

^V^ater  produced  a  well-marked  dicrotic  impulse  under  favor- 

^tble  circumstances ;  and  with  mercury,  the  oscillations  made 

"t^Wo,  three,  or  more  distinct  impulses.  • 

By  these  experiments  he  proved  that  the  blood  oscillates 
^^  the  vessels,  if  this  movement  be  not  suppressed  by  too  great 
I>refi8ure,  or  tension.  This  oscillation  gives  the  successive 
^'^bounds  that  are  marked  in  the  descending  line  of  the 
pulse,  and  is  capable,  in  some  rare  instances,  when  the  arte- 
^al  tension  is  very  slight,  of  producing  a  second  rebound  of 
^^iflScient  force  to  be  appreciated  by  the  finger.* 

'  In  treating  of  the  form  of  the  pulse,  of  course  including  dicrotism,  from  a 
P"tir\ely  physiological  point  of  view,  we  have  given  an  analysis  of  the  physiological 
J*^**tion  of  the  late  work  of  Marey  (Physiologic  Medicaid  de  la  Circulation  du 
^"••t^,  Paris,  1863).    To  portions  of  this  work  relating  to  the  action  of  the  heart, 
^'^'mds,  etc,  we  have  already  referred.    As  is  evident  from  our  sketch  of  the 
**^tmment8  for  registering  the  pulse,  the  author  referred  to  is  the  only  one  who 
^^*s  produced  a  trace  correctly  representmg  the  shades  of  locomotion  and  dilatation 
^  the  arteries;  and  by  his  brilliant  and  ingenious  experiments,  which  cannot  be 
^^^  highly  praised,  he  has  settled  many  important  points,  and  given  a  precious 
^*^*aii8  of  investigation  to  other  physiologists.    He  has  opened  a  new  field  for 
*^y  of  the  pathological  changes  in  the  form  of  the  pulse;  but  before  we 
^m  advance  far  in  this  direcUon,  we  must  become  familiar  with  all  the  modi- 
fications which  occur  in  health,  an  end  which  as  yet  is  by  no  means  fully  attained, 
^e  constracdon  of  a  sphygmograph  was  a  problem  of  great  delicacy,  and  a 
c^iin  amount  of  practical  experience  witli  the  instrument  has  convinced  us  of 
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Witliout  treating  of  tlie  Tariations  in  the  character  of  the" 
pulse  in  disease,  due  to  the  action  of  the  muscular  coat*  we 
mil  consider  some  of  the  external  modif?iner  influeoces  which 
come  within  the  range  of  physiology.  The  smallest  vessels 
and  those  of  medium  size  possess  to  an  eminent  degree  what 
is  called  tonicity,  or  the  property  of  maintaining  a  certain 
continued  amount  of  contraotion-  This  contraction  is  antag- 
onistic to  the  distending  force  of  the  blood,  as  is  shown  by 
opening  a  portion  of  an  artery  included  between  two  ligatures^ 
in  a  li^-ing  animal^  when  the  cont^^uts  will  be  forcibly  dis- 
charged and  the  caliber  of  that  portion  of  the  vessel  very 
much  diminished.  Too  great  distention  of  the  vessels  by 
the  pressure  of  blood  seems  to  be  prevented  by  this  constiint 
action  of  the  muscular  coat;  and  thus  the  conditions  are 
maintained  which  give  the  pulse  the  character  we  have  just 
described. 

By  excessive  and  continued  heatj  the  muscular  tissue  of  the 
arteries  may  be  dilated  so  as  to  offer  less  rcBistance  to  the 
distending  force  of  the  heart.  Under  these  circumstancesj 
the  pulse,  as  felt  by  the  finger,  will  be  found  to  be  larger  and 
softer  than  normal*  Cold,  either  general  or  local,  has  a  pre- 
cisely opposite  eflect  j  the  arteries  become  contractedj  and 
the  pulse  assiimes  a  harder  and  more  wiry  character.  Usually, 
prolonged  contraction  of  the  arteries  is  ibllowed  by  relaxation, 
as  is  seen  in  the  lull  pulse  and  glow  of  the  surface  which 
accompany  reaction  after  exposure  to  cold. 

It  has  been  found,  also,  that  there  is  a  considerable  differ- 

tl^e  tu^cur^ey  of  re.4iilta  to  be  obtained  wbcm  it  h  \iB^d  with  skill  nnd  ottpe ;  Imt  mi^i 
very  pcrfeciion  and  nicety  of  tJie  in^tmiBent  present  almost  iBBunnoim table 
diffleultlefl  in  the  way  of  its  wse  by  the  general  practitioner.  ResuVu,  re^rding 
tbe  amplitude!  of  pul^tions  edpectoJiy^  tihould  be  receired  with  great  caution,  from 
ihe  extreme  dilftculty  of  adju^tinir  the  lei'er  ^  ai  to  gif'e  the  maxim mn  of  ihe 
impulfc.  It  docd  not  appear,  liowevLT,  how  these  drawb»ck8  to  tbe  goneral  ime 
of  tb(!  itiBtnimctit  con  bo  obvlnteil ;  f(}r  ili}  cons  true  lion  leavca  nuthing  to  be 
desired,  and  the  ddicaey  of  its  at^ju^tnicnt,  like  that  of  a  line  bAlitnce,  is  indls- 
pf^nsable.  In  thd  hands  of  Mareyp  its  r«sulis,  we  concelT%  ire  to  be  Mly  ac^ 
cepted. 
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^^ce  in  the  caliber  of  the  arteries  at  different  periods  of  the 

^^J.    The  diameter  of  the  radial  has  been  found  very  much 

S^J^cater  in  the  evening  than  in  the  morning/  producing, 

^^turally,  a  variation  in  the  character  of  the  pulse.    We 

-i^ara  from  these  physiological  variations,  how  in  disease, 

^^ten    they   become    more    considerable,  they    may   give 

irnportant  information  with  regard  to  the  condition  of  the 

system. 

Preasv/re  of  Blood  in  tlie  Arteries. 

The  reaction  of  the  elastic  walls  of  the  arteries  during  the 
^^^Xitervals  of  the  heart's  action  gives  rise  to  a  certain  amount 
of  constant  pressure,  by  which  the  blood  is  continually  forced 
"t^o^ward  the  capillaries.     The  discharge  of  blood  into  the  ca- 
pillaries has  a  constant  tendency  to  diminish  this  pressure ; 
l^ut  the  contractions  of  the  left  ventricle,  by  forcing  repeated 
^^aiges  of  blood  into  the  arteries,  have  a  compensating  ac- 
"^ion.    By  the  equilibrium  between  these  two  agencies,   a 
^^rtain  degree  of  tension  is  maintained  in  the  arteries,  which 
^te  called  the  arterial  pressure. 

The  first  experiments  with  regard  to  the  extent  of  the 
arterial  pressure  were  made  by  Hales  an  English  physiolo- 
gist, more  than  a  hundred  years  ago.*  This  observer,  adapt- 
iiig  a  long  glass  tube  to  the  artery  of  a  living  animal,  ascer- 
^^ed  the  height  of  the  column  of  blood  which  could  be 
^^istained  by  the  arterial  pressure.  In  some  experiments  on 
tie  carotid  of  the  horse,  the  blood  mounted  to  the  height  of 
ftom  eight  to  ten  feet.  Hales  was  not  ftdly  acquainted  with 
tie  influences  capable  of  modifying  the  arterial  pressure,  and 
1*18  estimates  of  the  normal  tension  in  these  vessels  were  not 
entirely  correct.  It  is  now  ascertained  that  the  pressure  in 
t^le  arteries  will  sustain  a  column  of  about  six  feet  of  water, 
^*  six  inches  of  mercury,  and  is  subject  to  considerable  vari- 

'  MiLHB-EDWiSDS,  op,  at.,  tome  iv.,  p.  222. 

■  Hales,  Statieal  Bstayn,  London,  1738,  voL  U.,  Htxmaittaiicks. 
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ations,  dependitig  upon  the  condition  of  the  heart  antl 
selB,  the  quantity  of  bloodj  respiration,  mtiseular  exercise,  etc* 
All  exiaerimente  on  the  arterifil  pressure  are  made  an  the 
principle  of  the  experiment  of  Hales,  which ,  with  reference 
simply  to  the  eonstiint  pressure  in  the  arteries^  is  as  useful  as 
those  of  later  date,  and  much  more  striking.  The  only  m- 
convenience  is  in  the  manipulation  of  the  long  tube,  hut  this 
may  be  avoided  by  setting  it  in  a  strip  of  wood,  when  it  can 
be  easily  handled*  If  a  large  artery,  as  the  carotid,  be  ex- 
posed in  a  living  animal,  and 
a  metallic  point,  connectal  with 
a  vertical  tube  of  small  caliber 
and  from  seven  to  eight  feet 
long  by  a  bit  of  elastic  tubing, 
bo  secured  in  the  vessel,  the 
blood  will  rise  to  the  height  of 
about  mx  feet,  and  remain  at 
this  point  almost  statioonry, 
indicating  by  a  slight  pulsatile 
movement  the  action  of  the 
heart.  On  carefully  watching 
the  level  in  the  tube,  in  addi- 
tion to  the  rapid  oscillation  co- 
incident with  the  pnlsCj  another 
oscillation  will  be  observed, 
which  is  less  frequent,  and 
which  corresponds  with  the 
movements  of  respiration.  The 
pressure,  as  indicated  by  an 
elevation  of  the  fluid,  is  slight- 
ly increased  during  expira- 
tion, and  diminished  during 
inspiration.' 

"  In  ull  tli<!fie  experimente  on  tbe  artcri*!  op  cardiac  pressing  it  is  neoessary 
to  fill  part  of  till?  tube,  or  whaterer  appuratui  ire  may  use.  with  a  &oliitbn  of  c^r- 
botiat^;  of  ^odttf  in  order  to  preirent  congulatioa  of  th&  blocKl  ns  it  pii$se«  out  of 
the  reaseK 


iretEitKi7nMnDm#U'r  of  Pi>lftMiHli%  mcKlIflei] 
hj  LudwIfTTSpenuler^  »od  Vali^nlln,  The 
Jiif^lriimicnt  1ft  coDtiCtClcii  witb  the  vc aficl 
V  \\  in  Biicli  &  matiner  tbfrt  tbe  clfcnls- 
tioTi  !g  not  tutcrmpt^^L  TIup  ckvatlon  of 
fhfl  mi.'FCQry  In  the  braDcb  B  0  lodinitrB 
tl»?()iniftuiit  of  piTBaure,    (Dicci^Ei>, /'Aw^ 
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The  experiment  with  the  long  tube  gives  ns  the  best  idea 
of  the  arterial  pressure,  which  will  be  found  to  vary  from  five 
and  a  half  to  six  feet  of  bloo<l, 
or  a  few  inches  more  of  water. 
The  oscillations  produced  by 
'  the  contractions  of  the  licart  are 
not  very  nnirked,oii  account  of 
theimnien^  frintion  in  eo  h>ng 
a  tube  ;  but  this  is  favorable  to 
the  stndj  of  tlie  constant  press- 
tire  in  the  arteries.  It  has  been 
found  that  the  estimates  above 
given  do  not  varv  very  much 
in  animals  of  different  sizes, 
Bernard  found  tlie  pressure  in 
tlie  can^tid  of  a  horse  little 
more  than  in  the  dog  or  rab- 
bit In  the  larger  auimak  it 
m  the  force  of  the  heart  which 
]s  increased,  and  not  to  any 
considerable  extent  the  con- 
stant pressure  in  the  vessels/ 

The  experiments  of  Hales 
were  made  with  a  view  of  cal 

cuianng  tne  loree  oi  ine  nean,  jq^ifled  br_B»rii«nt  a  strTmsrirJttM  battle 
and  were  not  directed  particu* 
larlj  to  the  conditions  and  va- 
riations of  the  arterial  pressure. 
It  is  only  since  the  experiments 
perfonned  by  Poiseiiille  with 
i\\v^hemodtjnnmometer^m  1828^ 
that  we  have  any  reliable  data 

on  this  latter  point*'    Poiseuille^s  instrument  for  measuring 
tlie  fopee  of  the  blood  is  a  simple  graduated  U  tube,  half 

'  BttftWARCi  I4qvide§  de  t^Orptmimne^  P&fU,  1659,  tomi^  L,  p,  172. 

•  PowTBUiiAi,  Rcehrrehea  tur  h  F9n^  dtt  Omur  A&rHqu^^  Piirta,  1«28. 


]}  pcrfbntcd  nt  ctd)  sldiv  tnd  ntud  wjtii  jm 
irrtii  tufH%  wtlb  ia  op&nLDir^T,  hy  vbleli  ihi 
mercury  L-ntera^  One  ebrl  i>f  tlio  Iron  ttito 
Ifl.  clojt'iljmd  tbc  otJhiT  U  ln^nt  iifnrarfls  t 

winnootcd  with  thu  wfrnlui'-      /  i^vT', 

which  ba%  4  cali^MT  nf  froiM  tieh. 

Thci  b«iltl«  lA  ttivd  vi\th  :MC 

Hacj  to  a'  in  tbc  Inbti  wh  <\  0» 

The  wrk  1»  pcrfop»r#d  tn;  '  li  lah 

i»  eviD  nieet4*d  b)r  &  rubber  x>--  i ' "  tnt 

L\   vhJob  U    iQtnirttiped    iTii<r  Tii«<   voiSttL 

1SS0,  loine  L,  p,  16i,) 


great  advantages 
over  the  long  glass 
tul>e;  but  for  esti- 
mating simply  the 
arterial  preesure,  it 
is  much  less  ueefu^^H 
Jis  it  is  more  gens^l 
tive  to  the  impyUe 
of  tlie  heart.  For 
the  study  of  tlie 
cardiac  pressure^  it 
has  the  disadvan- 
tage, in  the  fii^t 
place,  of  consider- 
able friction;  and 
again,  the  weight 
of  the  column  of 
mercury  produces 
an  extent  of  oseilla- 
tionby  its  mere  im- 
petus, greater  than 
tliat  which  would 
actually  represent 
the  force  of  the 
heart.' 

An   important^ 
improvement 

*  Ludwig  devised  a  meftns   of  wgiBtering  the  osciUatloii  in   Uie  he 
fiUDOmetct-  of  PoitieuiUe.     He  used  u  U  tube  of  conBiderabla  fike,  iad  placed  t~ 
float  on  tlie  surface  of  the  mercuiy,  to  Trhieh  a  pencil  was  attacbcd    TUq  point 
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the  heraodjnainometer  was  made  bj  MagenJie,  This  ap 
paratuflj  the  curdmmier^  in  wbicli  Bernard  lias  made  some 
important  modifications,  is  the  one  now  generaUy  used.  It 
COiieigtg  of  a  small  but  tliick  glass  bottle^  w^ith  a  fine  graduated 
glass  tube  about  twelve  itiches  in  length j  eommunicating 
mth  it,  either  through  the  stopper,  or  by  an  orifice  in  the  side. 
The  stopper  i*  pierced  by  a  bent  tul>c  which  ia  to  be  connected 
with  the  blood-TesseL  The  bc^ttle  is  tilled  with  mercury  so 
that  it  will  rise  in  the  tube  to  a  point  which  is  marked  zero, 
It  b  erident  that  the  amount  of  pressure  on  the  mercury  in 
the  iKittle  will  be  indicated  by  an  elevation  in  the  graduated 
tube ;  and,  moreover,  from  the  fineness  of  the  column  in  the 
tuhe^  we  avoid  some  of  the  inconvenicneea  w^hich  are  due  to 
the  weight  of  mercury  in  the  hemodyuamometerj  and  also 
have  less  friction. 

This  instrument  is  appropriately  called  the  cardioraeterj 
as  it  judicates  most  accurately,  by  the  extreme  elevation  of 
the  mercury,  the  force  of  the  licart;  but  it  is  not  as  pertect 
in  iu  indications  oi"  the  mean  arterial  pressure,  as  in  the  ab- 
mpt  descent  of  tlie  mercury  during  the  diastole  of  the  heart, 
the  impetus  causes  the  level  to  Ikll  considerably  below  the 
real  standard  of  the  constant  pressure,     Marey  has  eucceeded 
in  correcting  this  difficulty  in  what  he  calk  the  "  eompensat- 
ing"  instrument ;  which  is  constructed  od  the  following  prin- 
ciple :    Instead  of  a  simple  glass  tube  whieh  comniumcates 
'With  the  mercury  in  the  bottle,  as  in  Mageudie's  cardiometer, 
Iteli^  two  tubes ;  one  of  which  is  like  the  one  already  describ- 
^,  und  represents  oscillations  produced  by  the  heart ;  the 
citlier  is  larger,  and  has  at  the  lower  part  a  constriction  of 
the  caliber  whieh  is  there  reduced  to  capillaiy  fineness.    This 
tube  is  desaigned  to  give  the  mean  arterial  pressure.    The 


^f  the  |ieacil,  brought  la  euntact  with  &  revolving  cjllDilt^r  corered  with  pupcr^ 
podnoed  m  timoe  of  tbe  oscUlationA,  Bj  ooAJjKis  of  ibis  trace  he  amv<H|  at  thd 
ituiproiufe  in  the  arUTles.  Tbie  instrum^iit  wa,^  cnUed  the  k^offraplihn.  It 
Mi  tKV«r  been  mueh  ua^fd  m  hivestigj&tiOEi,  &iid  ih  etiUrely  £Upers<!d<.^d  by  the  ctr* 
igmMCcr  of  the  preatmt  day. 
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constriction  in  the  tulie  offers  Bnch  an  obstacle  to  the  rise  of 
the  mercury  that  the  intermittent  action  of  the  lieurt  k  noljj 
felt,  themerctuy  rising  olowlj  to  a  certain  level,  trlach  is  eon 
giant,  and  varies  only  with  the  constant  presstii*e  in  the  veeeeli 

We  have  only  an  approximative  idea  of  the  avemge  preea*! 
lire  in  the  arterial  eystem  in  the  hnman  subject,  dednced  from 
experhiients  on  animals.     It  liaa  already  lieeu  etated  to  be 
equal  to  about  s^ix  feet  of  water,  or  six  inches  of  mercury. 

Tlie  most  intercBting  questions  connected  with  this  euh- 
jeet  are :  the  comparative  pressure  in  different  parts  of  the 
arterial  system,  the  influences  which  modiiy  the  aiterial  press* 
nre,  and  its  influence  on  tlie  pulse.  These  points  have  all 
been  pretty  fnlly  investigated  by  experimentB  on  animals,  and 
on  systems  of  elastic  tubes  arranged  to  represent  the  vessek, 

Presmre  in  Different  PaHa  of  the  Arterial  Sf/stern, — 
The  experiments  of  Hales,  Poiseuille,  Bernard,  and  others, 
seem  to  show  that  the  constant  arterial  pressure  does  not  van* 
in  arteries  of  different  sizes.  Tliese  physiologists  have  ex- 
perimented particularly  on  tbe  carotid  and  crural,  and  have 
found  the  pressure  in  these  two  vessels  about  the  same. 
From  their  experiments^  they  conclude  that  the  force 
equal  in  all  parts  of  tbe  arterial  system.  The  exi>eriinents  oi 
Volkmann,  liowever,  have  shown  that  this  conelnsioo  has  beei 
too  hasty.  With  the  reg'btering  apjiaratus  of  Ludwig,  he  hi 
taken  the  pressure  in  the  carotid  and  metatarsal  arteries,  au' 
has  always  found  a  considerable  difference  in  favor  of  the 
former*'     In  an  experiment  on  a  dog,  he  found  the  pressure 


le. 


^  For  compariDg  tbe  pressure  in  difenmt  yeflselB  ud  m  djiTercnt  mimal^^ 
Ben'' [ltd  hns  duviiied  mi  instmiuDnt  trbich  lie  oa.Ua  th$  di^ertntial  hemod^n^mo- 
met^r.  It  consists  of  a  gratluated  U  lube  &o  urmnged  that  both  arms  nioj  he 
flimulUkncouslj  conuettcd  witli  separate  veaaek.  If  the  pncaismTe  be  equid  in  ihe 
twOTe^uLe  i^iih  wbicli  It  is  GODDe<]tod,  tbe  level  of  tbe  mercury  will  not  be  alfeci* 
Cfl;  but  an  iaequalitj  of  pr**ssurc  will  be  marked  by  a  difpit^dou  of  the  uiercurj 
iu  the  anu  corre&poudini;  to  the  Teasel  in  which  the  pressure  is  the  more  pow@ 
ful  With  ^lufl  iustnimeut,  Bernard  ussumeB  to  have  demonstrated  that  tlie  i 
Bt&nt  pressure  la  equul  in  all  parts  c€  the  arterial  i^reteui,  the  force  ol  the  h& 


equal  to  173  inilliinetres  in  the  carotid,  and  165  mm*  in  the 
metatarsaL  In  au  experinient  on  a  calf,  the  pressure  was  116 
mm*  in  the  carotid,  and  89  mm,  in  the  metatarsal ;  and  in  a 
rabbitj  91  nira.  in  the  carotid,  and  86  mm,  in  the  cmraL' 

Thes?e  eKperimenta,  which  seem  to  have  been  i>erformed 
with  great  care,  ehow  that  the  pressui-e  is  not  absolutely  the 
same  in  all  parts  of  the  arterial  Hjstem ;  that  it  is  greatest  in 
the  arteries  nearest  the  heart,  and  gradually  dimiiiiBliea  as 
we  near  the  capillaries*  The  difference  is  very  slight,  almost 
inappreciable,  until  we  come  to  vessels  of  very  small  size ; 
bat  here  the  pressure  is  diinjctly  influenced  by  the  discharge  ^ 
of  blood  into  the  capillaries* 

The  cause  of  this  diminution  of  pressure  in  the  smallest 
Tessek  is  the  proximity  of  tlie  great  outlet  of  tlie  arteries,  the 
capillary  system ;  tor,  as  we  shall  see  further  on,  the  flow  into 
the  cApiDarics  has  a  constant  tendency  to  dinnnish  the  press- 
ure in  the  arteries.  It  is  obvious  that  this  influence  can  only 
be  felt  in  a  very  marked  degree  in  the  vessels  of  smallest  size," 


fnfluenes  qf  Jle^pimtion. — It  is  easy  to  see,  in  studying 

lie  arterial  pressure  with  any  of  the  instruments  we  have 

bribed,  that  there  is  a  marked  increatic  with  expiration, 

and  a  diminution  with  inspiration*     The  fact  that  explratiou 

increase  the  force  of  the  jet  of  blood  from  a  divided 

tery  has  long  been  observed,  and  accords  perfectly  with  the 

above  statement. 


ool^f  tjtmf nishing  in  the  Waller  ir^sfioLs.    The  inEtrum^t  by  no  meauB  poi«eS8efl  • 
tlj«  dcUoaujr  of  the  appAmtu^  nscd  by  Volkmaimi  in  gii^Uig  the  mean  proasure, 
\,Liq%iide£  de  P OrffantJtinf,  tonit;!*^  p.  20&  ft  seq.) 

'  Milse-Edwasj^  op.  cil^  tome  iv.j  p.  S3i. 

*  This  view  is  fully  sustained  hy  ph,^glciil  luws.  If  fltud  be  didchnrged  from  a 
llVUioir  by  a  long  bomotital  tube  of  uniforni  eidlbcr',  tlio  pre^uru^  wi  ludicat^d 
by  T^tteal  ivhm  At  different  pomtfi,  wifJ  be  foimd  to  dimiidsk  regulariy  JVom  the 
btight  of  (be  fluid  in  the  ruai.Tt'oir  to  the  orifice  of  dischaz^  An  instniment  of 
^lii  kind,  which  Is  c^lletl  a  piaome^rt  shows  the  ftppot«nt  pbysicjil  Dt-eea^ty 
of  a  progreaiiiTc  dituinutiou  in  preMitre  in  the  arterial  sjatem,  as  we  ptiss  from  the 
hent  to  the  capilhirit». 


2Gd 


dSCULATION. 


In  tranquil  refipiratrioii,  the  influence  upon  the  flow  of 
blood  is  due  simply  to  the  luediauical  action  of  the  thgrax. 
With  every  xuipiration  the  aii^-eells  are  enlarged^  as  well  as 
the  blood-vessels  of  the  lungs ;  the  air  ruslies  in  through  the 
trachea,  and  the  movetuent  of  the  blood  in  the  veins  near  the 
chest  is  accelerated.  At  the  same  time  the  blood  m  the  arteries 
is  somewhat  retarded  in  its  flow  from  the  thorax,  or  at  least 
does  not  feel  the  expubi ve  influence  which  folJows  with  the  act 
of  expiration.  The  mean  of  the  arterial  pressure  at  tliat  time 
is  at  its  miiuintim.     With  the  expiratory  act,  the  air  is  ex- 

•pelled  by  compression  of  tiie  lungs,  the  flow  of  blood  into  the 
thorax  by  the  veins  is  retarded  to  a  certain  extent,  while  the 
flow  of  blood  into  the  arteries  is  favored.  This  is  strikingly 
exhibited  in  the  augmented  force,  with  expiration,  in  tbe  je 
from  a  divided  artery.  Under  these  eireumstances  tbe  j 
rial  pressure  is  at  its  maximum. 

In  perfectly  tranquil  respiration^  the  changes  due  to  it 
spiration  and  expiration  are  very  sbglit,  marked  by  &  difl^ej^ 
ence  of  not  more  than  half  an  inch  to  an  inch  in  the  car- 
diometen  When  the  respiratory  movements  are  exa^erate 
the  oscillations  are  very  much  more  marked* 

Interruption  of  respiration  is  tbl  lowed  by  a  veiy  great 
crease  in  the  arterial  pressure.     This  is  due,  not  to  cax] 
within  tlie  che$t»  but  to  obstruction  to  tlie  circulation  in  the 
capillaries.     We  ai'e  already  aware  of  the  influence  whidi 
the  flow  of  blood  into  the  capillaries  is  constantly  exert iu^ 
upon  the  arterial  pressure.     This  tendency  to  diminish  the 

^quantity  of  blood  in  the  arteries,  and  couBcquently  liM 
pressure,  is  constantly  counteracted  by  the  blood  sent  int^ 
the  arteries  by  the  contractions  of  the  heart.    In  intenniption 
of  the  respiratory  function,  the  non-aerated  blood  passes  into 
the  arteries,  but  i^efuses  to  pass  through  the  capillari^ ;  and 
as  a  consequence,  tlie  arteries  ai'e  abnormally  distended^  and 
the  arterial  pressure  is  enormously  increased*    If  respirat]<fl 
be  permanently  arrested,  the  arterial  pressure  becomes,  after 
a  time,  diminished  below  tlie  normal  standard,  and  ultimai 
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Ij  aboUshed,  on  acx^ount  of  the  stoppage  of  the  action  of  tlic 
'  heart.  If  reapiration  be  resumed  before  the  heart  has  become 
arrested,  the  pressure  soon  returns  to  its  normal  standard. 
Muscular  effort  considerably  increaaea  the  arterial  preee- 
Tim  is  due  to  two  causes.  lu  the  first  place,  the  chest 
lerallv  compressed,  favoring  the  flow  of  blood  into  the 
Fgreat  vessels*  In  the  second  place,  muscular  exertion  pro- 
duces a  certain  amonut  of  obbtniction  to  the  discharge  of 
blood  from  the  arteries  into  the  capillaries,  Numerous  ex- 
periments upon  animals  have  shown  a  great  increase  in  press- 
ure in  the  struggles  which  occur  during  severe  operations. 
Bernard  ha^  shown  that  galvanization  of  the  sympathetic  in 
the  neck  and  irritation  of  some  of  the  cerebro-spinal  nerves 
increase  the  arterhd  pressure,  probably  from  their  effects  on 
the  muscular  coats  of  some  of  the  arteries,  causing  them  to 
contract,  and  thereby  diminishing  the  total  capacity  of  the 
arterial  system/ 

^eeta  of  ffemorrha/fe, — Diminution  in  the  quantity  of 
blood  has  a  remarkable  effect  upon  the  arterial  pressure.    If, 
m  connecting  the  instrument  with  the  arteries,  we  allow  even 
hOne  or  two  jets  of  blood  to  escaj)e,  the  preaaure  will  be  found 
[diminished  perhaps  one -half,  or  even  more,  It  is  hardly  nec^* 
»Mry  to  discuss  the  mechani&m  of  the  effect  of  the  loss  of  blood 
on  tlie  tension  of  the  vessels^  but  it  is  wonderful  how  soon  the 
pressure  in  tlie  arteries  regains  its  normal  standard  after  it  has 
been  lowered  by  hemorrhage.    As  it  depends  upon  the  quan- 
tity of  blood,  as  soon  as  the  vessels  absorb  the  scroaities  in  suf- 
ficient quantity  to  rejjair  the  loss,  the  pressure  is  increased. 
'This  tates  place  in  a  very  short  time^  if  the  loss  of  blood  be 
not  too  great- 
Experiments  on  the  arterial  pressure  with  the  cardiometer 
have  verified  the  fact  stated  in  treating  of  the  form  of  tlie  pulse, 
namely,  that  tlie  pre*isure  in  the  vessels  bears  au  inverse  ratio 
lo  the  distentiuii  produced  by  the  contractions  of  the  heart, 

^  BiaxAiio,  Liquids  ih  VOrffanUm^j  tame  I. 


GIBOULATION. 


In  the  cardionieter^  the  mean  height  of  the  mercury  iDdleat 
the  constaut,  or  arterial,  pressure,  aud  t!ie  oficUlatione,  tin 
tliBtention  produced  by  the  heart.     It  is  found  that  when  th^ 
pressure  ig  great,  the  extent  of  oscillation  is  small^  and  Vio 
versik     It  will  be  remembered  that  the  researcheja  of  Mare^ 
demonstrated  tliat  an  increase  of  tlie  arterial  pres;siu*e  diinir 
isbes  the  amplitude  of  the  pulsations,  as  hidicated  by  the' 
spbygniograph,  and  that  the  amplitude  is  very  great  when 
the  pressure  is  slight.  j^k 

It  m  aUo  true,  as  a  general  rule,  tliat  the  force  of  the  heart, 
as  indicated  by  the  cardiometer,  bears  an  inverse  ratio  to  the^ 
frequency  of  It^  pulsations.  fl 

Summarjj. — The  arterial  pressure,  due  to  the  distention 
<jf  the  iirtei-ies,  and  the  reaction  uf  their  elastie  walls  contin- 
xially  ibrcing  the  blood  toward  the  eapillaries,  is  equal  to 
about  six  feet  of  water  or  six  inches  of  mereurj^  It  is  in- 
creased by  any  thing  which  lavors  the  flow  of  blood  into  the 
great  vessels,  like  the  expiratory  act,  or  by  any  thing  which 
obstructs  the  flow  fi*om  the  arterioles  into  the  capillaries, 
like  muscular  eftbrt,  contraction  of  the  niusctdar  coat  of  the 
smallest  arteries,  or  non-aeration  of  the  blood.  It  is  dimin- 
ished by  any  considerable  diminution  in  the  quantity  of  tho^f 
circulating  flnid,  or  by  any  thing  which  facilitates  the  passage^ 
of  blood  through  the  capillaiues. 


Rapidity  of  the  Ourrent  of  Blood  in  ths  Arteries* 


I 


Though  this  is  not  a  question  of  great  physiological  im- 
portance, it  is  a  point  of  someanterest.  It  has  long  engagi 
the  attention  of  physiologists,  and  has  hitely  been  made  thi 
subject  of  some  curious  and  ingenious  experimentB.  Passing 
over  the  sjjecnlations  and  calculations  from  imperfect  physi- 
cal data  of  the  older  pliy Biologists,  which  led  to  no  definite 
i^eaulte,  we  find  the  first  experiments  on  this  subject  made  by 
YoUcraann,  with  an  instrumeDt  called  the  liemodromameter. 
This  apparatus  consista  of  a  U  tube,  graduated,  and  so  ar- 
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longed  that  when  the  instminent  is  connected  witli  the  artery 
of  a  living  animal,  the  current  may  be  instantaneously  di- 
i^ected  through  the  graduated  tube,  and  by  a  stop-watch,  the 
length  of  time  occupied  in  passing  from  one  extremity  to 
the  other  accurately  measured.  Observations  with  this  in- 
strument, on  the  rapidity  of  the  circulation  in  the  carotid  of 
the  d<^  and  horse,  show  that  tlie  blood  moves  at  the  rate  of 
from  10  to  13  inches  per  second.  The  rapidity  is  diminish- 
^  in  the  smaller  vessels,  being  but  2*2  inches  per  second  in 
the  metatarsal  artery  of  a  horse,  and  10  inches  in  the  carotid.* 

The  results  thus  obtained  cannot  be  received  as  absolutely 
exact  The  blood  is  diverted  from  its  natural  course,  and 
^nst  experience  a  certain  diminution  in  velocity  from  the 
curves  in  the  tubes.  It  is  also  evident  that  the  normal  cur- 
rent is  not  uniform ;  that  it  is  much  more  rapid  immediately 
after  the  systole  of  the  heart,  than  during  the  diastole ;  and, 
^  has  been  demonstrated  by  Marey,  tlie  blood  in  the  arteries 
^^dergoes  a  certain  oscillation.  The  experiments  of  Volk- 
^ann  give  an  approximative  idea  of  the  mean  rapidity,  it  is 
^^'Tie,  but  they  are  far  from  exliibiting  the  natural  current,  with 
the  variations  corresponding  to  the  movements  of  the  heart. 

A  few  years  later  (1858),  an  instrument  was  devised  by 
Vierordt,  which  seemed  to  embody  the  right  principle,  but 
It  Was  not  sufficiently  sensitive  to  accomplish  all  that  was  de- 

*  The  experiments  of  Volkmann  and  HUttenheim,  published  in  1846,  are  re- 
'<siTed  to,  and  the  instrument  described  and  delineated,  in  moat  works  on  pbjsiol- 
^^«  When  the  instrument  is  first  connected  with  the  artery,  the  blood  passes 
^^'''Ottgh  a  straight  tube,  and  is  not  deviated  from  its  course.  The  current  is 
"*^«ited  into  the  graduated  U  tube  by  two  stop-cocks  which  are  arranged  so  that 
^^  may  be  turned  simultaneously.  Before  it  is  applied,  the  apparatus  is  filled 
^Ui  Warm  water,  so  as  to  prevent  the  entrance  of  air  into  the  vessels. 

^e  following  are  the  results  obtained  by  Volkmann  in  experiments  on  dogs 
■^lioiaes: 

In  the  dog,  carotid        ....        10*7  inches  per  second. 

do.  do 13       *•        **        " 

In  the  horse,  carotid    .        .        .        .        10       **        "        " 
do.  metatarsal  artery      .        .  2*2.    "        "        ** 

— ^LoNOET,  Train  de  Fhysiologie,  Paris,  1861,  tomo  I,  p.  848. 
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eiredL    It  consisted  of  a  little  square  box  made  of  glafis^  with 
an  o]>ening  at  each  end,  by  which  it  was  to  be  coniieeted  with 
the  ftrtery,     Tliis  is  tilled  with  water,  and  contains  a  pendu- 
lum, which  is  Btniek  by  the  current  of  blood.    The  deviations 
of  the  pendulum  are  marked  on  a  scale.     After  this  has 
Ijeen  applied  t^j  an  artery,  and  the  extent  of  movement  of 
the  pendulum  noted,  it  k  removed  from  the  vessel  and  eon* 
nee  ted  with  an  elastic  tuliCj  in  which  a  current  of  water  ia 
made  to  pass  with  a  degree  of  rapidity  which  will  produce 
the  iame  deviation  as  occurred  wlien  tlie  instrument  wa^  con- 
nected vnth  the  blood-vi^seh     Tlie  rapidity  of  the  current  in 
this  tube  may  be  easily  calculated  by  receiving  the  fluid  in  1^^ 
graduated  vessel,  and  noting  the  time  ocx^upied  in  diecbarg- 
ing  a  given  quantity.     By  tins  means  we  asceii;ain  th® 
rapidity  of  the  current  of  blood.    By  means  of  a  needl^| 
attached  to  the  pendulum,  the  osciUationd  could  l>e  regis- 
tered on  a  revolving  cylinder  of  paper,  and  the  mean  veloclt^^ 
tabetic  fl 

With  this  instrument, ITierordt  estimated  the  mean  Telo^ 
city  of  blood  in  the  carotid  at  10'2  inches  per  second.     Chau^ — 
veaii,  who  invented  an  instmment  which  we  will  descril>^t 
presently  J  found  the  instrument  of  Vierordt  not  sufficiently^ 
sensitive,  and  requiring  so  much  care  and  precaution  in  it^^ 
use  as  to  essentially  diminish  the  value  of  its  results.  ^M 

The  best  inatnmient  lor  nieasuring  the  rapidity  of  th^ 
circulation  in  the  arteries  w  as  devised  by  Chauveau,  of  th^ 
YeteriUary  School  at  Lyons,*     This  will  give,  by  calciilar— 
tion,  the  actual  rapidity  of  the  circulation  ;  and,  w^bat  is  more 
interesting,  it  marks  accurately  the  rapid  viuiations  in  velo^H 
citVj  with  reference  to  the  heart'fi  action,  ^| 

The  instmment  to  he  applied  to  the  carotid  of  the 
horse  consists  of  a  thin  brass  tube,  about  li  inch  in  length, 
and  of  the  diameter  of  the  artery  (about  |  of  an  inch),  whicl t  k 


^  MM,  A.  CHATrvsAU,  O.  BdtTOi.^  et  L,  Laeotiuhi^  YUmm  d$  ta  Cirmhiim 
dam  /121  Arth^t*  dit  Ok^ptdn    Jmtmal  de  ta  Pi^i^egk^  Fafia,  18d0,  tome  ilL^ 

p.  mn. 
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ptovided  with  an 
obloBg  longitudi- 


Tig,  9. 


nal 


openu^,    or 


^^dow,  near  the 
fiddle,  about  two 
^ixeslongandone 
^^'^e    wide.      A 
Pi^of  thinvul- 
^iiized  rubber  is 
^ound  around  the 
^^1)6,  and  firmly 
^i^,  80  as  to  cov- 
^^   this    opening. 
*^Iirongh  a  trans- 
^eise  slit  in  the 
^^bber    is    intro- 
duced a  very  light 

***OtalllC  neediCjChanvoaa^s  Instroment  for  measniing  the  rapidity  of  the  flow  of 
A-B-k  *  1.  J  r  li*  blood  in  the  arteries.  The  instrament  viewed  in  fi&ce— a,  the 
7"^  incn  and  a  nall  tube  to  be  axed  in  the  vc88el;  ft,  the  dial  which  marks  the  ex- 
j^t^  1         ^1  ji  ji    A.      tontof  movement  of  the  needle  d!;  «,  a  lateral  tube  for  the 

*•-*  Xengtn,  and  Ilat-    attachment  of  a  cardlometcr,  if  desired. 

^^U.ed  at  its  lower  part.  This  is  made  to  project  about  half 
"*^^j  into  the  caliber  of  the  tube.  A  flat  semicircular  piece 
'^^  metal,  divided  into  an  arbitrary  scale,  is  attached  to  the 
^^be,  to  indicate  the  deviations  of  the  point  of  the  needle. 

The  apparatus  is  introduced  carefully  into  the  carotid  of 
^  lioree,  by  making  a  slit  in  the  vessel,  introducing  first  one 
^j*^cj  of  the  tube,  directed  toward  the  heart,  then  allowing  a 
^^le  blood  to  enter  the  instrument,  so  as  to  expel  the  air, 
^^<3,  when  full,  introducing  the  other  end,  securing  tlic  whole 
^y  ligatures  above  and  below. 

"When  the  circulation  is  arrested,  the  needle  should  be 
^*^^^ical,  or  mark  zero  on  the  scale.    When  the  flow  is  estab- 
""^^Ixed,  a  deviation  of  the  needle  occurs,  which  varies  in  extent 
"^^th  the  rapidity  of  the  current. 

Having  removed  all  pressure  from  the  vessel,  so  as  to  al- 
^^'W  the  current  to  resume  its  normal  character,  the  deviations 
18 
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of  the  needle  are  carefully  noted,  as  they  occur  with  the  sys- 
tole of  the  heart,  with  the  diastole,  etc.  After  withdrawing 
the  instrument,  it  is  applied  to  a  tube  of  the  size  of  the  ar- 
tery, and  we  measure  the  rapidity  of  the  current  required  to 
carry  the  needle  to  the  points  noted,  which  may  be  done  by 
the  same  calculation  used  in  graduating  the  apparatus  of 
Vierordt.' 

This  instniment  is  on  the  same  principle  as  the  one  con- 
structed by  Vierordt,  but  in  sensitiveness  and  accuracy  is 
much  superior.  In  the  hands  of  Chauvean,  the  results,  par- 
ticularly those  with  regard  to  variations  in  the  rapidity  of 
the  current,  are  very  interesting. 

Bapidity  of  the  Current  in  the  Carotid, — ^It  has  been 
foifnd  that  three  currents,  with  different  d^rees  of  rapidity, 
may  be  distinguished  in  the  carotid : 

1.  At  each  ventricular  systole,  we  have,  as  the  average 
of  the  experiments  of  Chauveau,  the  blood  moving  in  the 
carotids  at  the  rate  of  twenty  ^  inches  per  second.  Aft^r 
this  the  rapidity  quickly  diminishes,  the  needle  returning 
quite  or  nearly  to  zero,  which  would  indicate  complete 
arrest. 

2.  Lnmediately  succeeding  the  ventricular  systole,  we  have 
a  second  impulse  given  to  the  blood,  which  is  synchronous 
with  the  closure  of  the  semilmiar  valves,  the  blood  moving 
at  the  rate  of  eight  -^  inches  per  second.  This  Chauveau 
calls  the  dicrotic  impvlse. 

3.  After  the  dicrotic  impulse,  the  rapidity  of  the  current 
gradually  diminishes,  until,  just  before  the  systole  of  the 
heart,  it  becomes  almost  nil.  The  average  rate  after  the  di- 
crotic impulse  \%Jive  -f^  inches p^  second. 

These  experiments  give  us,  for  the  iirst  time,  correct  no- 
tions of  the  rapidity  and  variations  of  the  flow  of  blood  in 
the  larger  vessels ;  and  it  is  seen  that  they  correspond  in  a 

^  In  graduatiug  the  apparatus,  Chauveau  uses  warm  water.    It  would  be 
more  accurate  to  use  defibrinated  blood,  or  a  fluid  of  equal  denaitj. 
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remarkable  degree  with  the  experiments  of  Marey  od  the 
fonn  of  the  pulse.    Marey  showed  that  there  is  a  marked  os- 
cillation of  the  blood  in  the  vessels,  due  to  a  reaction  of  their 
elastic  walls,  following  the  first  violent  distention  by  the 
heart ;  that  at  the  time  of  closure  of  the  semilunar  valves,  the 
arteries  experience  a  second,  or  dicrotic,  distention,  much  less 
than  the  first ;  and  following  this,  there  is  a  gradual  decline 
in  the  distention  until  the  minimum  is  reached.     Chauveau 
ehows  by  experiments  with  his  instrument,  that  correspond- 
ing to  the  first  dilatation  of  the  vessels,  the  blood  moves  with 
Immense  rapidity;  following  this,  the  current  suddenly  be- 
<x>meB  nearly  arrested ;  this  is  followed  by  a  second  accelera- 
tion in  the  current,  less  than  the  first ;  and  following  this  wc 
Iiave  a  gradual  decline  in  the  rapidity  to  the  time  of  the  nexl. 
X>til8ation. 

JSapidiiy  in  Different  Parts  of  the  Arterial  System. — 
IVom  the  fact  that  the  arterial  system  increases  in  capacity 
»8  we  recede  from  the  heart,  we  should  expect  to  find  a  cor- 
x-^sponding  diminution  in  the  rapidity  of  the  flow  of  blood. 
There  are,  however,  many  circumstances,  aside  from  simple 
ixicrease  in  the  capacity  of  the  vessels,  which  undoubtedly 
Ododify  the  blood  current,  and  render  inexact  any  calculations 
On  purely  physical  principles;  such  as  the  tension  of  the 
l>lood,  the  conditions  of  contraction  or  relaxation  of  the 
^cnalle&t  arteries,  etc.  It  is  therefore  necessary  to  have  re- 
oourse  to  actual  experiment  to  arrive  at  any  definite  results 
on  this  point.  The  experiments  of  Volkmann  showed  a  great 
<iifference  in  the  rapidity  of  the  current  in  the  carotid  and 
metatarsal  arteries,  the  average  being  10  inches  per  second 
ixi  the  carotid,  to  2*2  inches  in  the  metatarsal.  The  same 
difference,  though  not  quite  as  marked,  was  found  by  Chau- 
veau between  the  carotid  and  the  facial. 

The  last-named  observer  also  noted  an  important  modifi- 
cation in  the  character  of  the  current  in  the  smaller  vessels. 
Aij  we  recede  from  the  central  organ,  the  systolic  impulse 
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becomes  rapidly  diminisbed,  being  reduced  in  one  experiment 
about  twothirds;  the  dicrotic  impiLbe  becomes  very  feeble  or 
ev€E  abolislied ;  bttt  tbe  constant  flow  is  very  much  increased 
in  rapidity.  This  fact  coincides  with  the  ideas  already  ad- 
vanced. With  regard  to  the  gradual  conversion,  by  virtue  of 
the  elasticity  of  the  vessels,  of  the  impulie  of  the  heart  into^ 
first,  a  remittent,  and^  in  the  very  smallest  arteries,  a  nearly^H 
(soustant  current*  V 

The  rapidity  of  the  flow  in  any  artery  must  be  eubject  to 
constant  modifications  due  to  the  condition  of  the  arterioles 
which  are  supplied  by  it.  When  these  little  vessels  are  di- 
lated, the  artery  of  course  empties  itself  with  greater  facUit/^H 
and  the  rapidity  is  increased.  Thus  the  rapidity  bears  a  re- 
lation to  the  arterial  pressure ;  aSj  independently  of  a  dimi*^ 
nutioii  in  the  entire  (juantity  of  the  circulating  fluid,  Yaria^| 
tions  in  the  pressure  depend  chiefly  on  causes  which  facili- 
tate or  retard  the  flow  of  blood  into  the  capillaries.  A  good 
example  of  enlargement  of  the  capillaries  of  a  pailicular  part, 
is  in  mastication,  when  the  salivary  glands  are  brought  into 
activity,  and  the  quaJitity  of  blood  which  they  receive  is 
greatly  iucrea^d,  Chauveau  found  an  immense  increase  in 
the  rapidity  of  the  flow  in  the  carotid  of  a  horse  during  mas- 
tication. The  enlargement  of  the  vessels  of  the  glands  during 
their  function  has  been  conclusively  proven  by  the  experi- 
ments of  Bernard,  ^| 

It  must  be  remembered  that  in  all  parts  of  the  arterial^ 
system  the  rapidity  of  tbe  current  of  blood  is  constantly  liable 
to  increase  from  dilatation  of  tbe  small  ve^els,  and  diminution 
from  their  contraction. 


Arterial  Murmurs. 


hth" 


In  tbe  largest  vessel Sj  we  can  frequently  hear  with 
stethoscope  the  sounds  conducted  from  the  heart.  In  addi- 
tion, we  can  hear,  in  all  except  the  smallest  vesselsj  a  t>ecu- 
bar  blowing  sound j  called  the  bruit  de  SQuJj^^  which 
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produced  by  the  pressure  of  the  end  of  the  iDstrument  on  the 
artery.  The  following  is  the  mechanism  of  the  production 
of  this  sound :  The  pressure  of  the  instrument  produces  a 
constriction  in  the  vessel,  and  more  or  loss  obstruction  to  the 
current  of  blood.  As  the  blood  flows  from  this  constricted  por- 
tion into  that  just  beyond,  where  of  course  the  vessel  is  rela- 
tively larger  and  the  current  is  somewhat  retarded,  the  rela- 
tively small  and  forcible  stream  produces  an  unusual  and 
irr^^lar  current,  which  is  accompanied  by  a  certain  sound. 
It  has  been  proven  by 'the  experiments  of  Chauveau  and 
Marey  with  elastic  tubes,  that  this  sound  is  always  produced 
when  any  part  of  the  apparatus  is  dilated  so  that  the  fluid 
passes  from  the  tube  into  a  sort  of  sac.  In  this  way  aneuris- 
mal  murmurs  are  accounted  for.  The  sounds  which  are 
heard  in  the  arteries,  and  are  not  dependent  upon  compres- 
sion with  the  stethoscope,  depend  upon  conditions,  the  con- 
sideration of  which  belongs  to  pathology. 


CHAPTEE  VII. 

CIRCITLATIOX  OF  THE  BLOOD  IN  THE  CAPILLABIES. 

Distinction  between  capillaries  and  the  smallest  arteries  and  reins — ^Physiological 
anatomy  of  the  capillaries — ^Peculiarities  of  distribution — Capacity  of  the 
capillary  system — Course  of  blood  in  the  capillaries — ^Phenomena  of  the 
capillary  circulation — Rapidity  of  the  capillary  circulation — Relations  of  the 
capillary  circulation  to  respbation — Causes  of  the  capillary  drcdation — hk- 
fluencc  of  temperature  on  the  capillary  curculation — ^Influmce  of  direct  imta- 
tion  on  the  capillary  circulation. 

Before  entering  upon  the  study  of  the  capillary  circu- 
lation, let  us  define  what  we  mean  by  the  capillary  vessels, 
as  distinguished  from  the  smallest  arteries  and  veins.  From 
a  strictly  physiological  point  of  view,  the  capillaries  should 
be  regarded  as  commencing  at  the  point  where  the  blood  is 
brought  near  enough  to  the  tissues,  to  enable  them  to  sep- 
arate the  elements  necessary  for  their  regeneration,  and  give 
up  the  products  of  their  physiological  decay.  "With  our 
present  knowledge,  it  is  impossible  to  assign  any  limit  where 
the  vessels  cease  to  be  simple  carriers  of  blood ;  and  it  does 
not  seem  probable  that  it  will  ever  be  known  to  what  part  of 
the  vascular  system  the  processes  of  nutrition  are  exclusively 
confined.  The  divisions  of  the  blood-vessels  must  be,  to  a 
certain  extent,  arbitrarily  defined,  and  we  should  feel  at  lib- 
erty to  adopt  the  views  of  any  reliable  observer  with  r^ard 
to  the  kind  of  vessels  which  are  to  be  considered  as  capilla- 
ries.    The  most  simple,  and  what  seems  to  be  the  most  phys- 
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iological  view,  is  that  the  capillaries  are  the  vessels  which 

have  but  a  single,  homogeneous  tunic ;  for  in  these  the  blood 

18  brought  in  closest  proximity  to  the  tissues.     Vessels  which 

are  provided,  in  addition,  with  a  muscular,  or  muscular  and 

fibrous  coats,  are  to  be  regarded  as  either  small  arteries,  or 

Venous  radicles.     This  view  is  favored  by  the  character  of 

tte  currents  of  blood,  as  seen  in  microscopic  observations  on 

^^e  circulation  in  transparent  parts.    Here  an  impulse  is 

observed  with  each  contraction  of  the  heart,  until  we  come 

^  Vessels  which  have  but  a  single  coat,  and  are  so  narrow  as 

^  allow  the  passage  of  but  a  single  line  of  blood-corpuscles. 

JPhyaiological  Anaiamy  of  the  Ca^pillariea. — ^If  the  arteries 

*^  followed  out  to  their  minutest  ramifications,  they  will  be 

®^Uiid  progressively  diminishing  in  size  as  they  branch,  and 

^©ir  coats,  especially  the  muscular,  becoming  thinner  and 

^'^iiiner,  imtil  at  last  they  present  an  internal  structureless 

^^'^^t,  provided  with  oval  longitudinal  nuclei ;  a  middle  coat 

*omjed  of  but  a  single  layer  of  circular  muscular  fibres,  the 

^val  nuclei  of  which  are  at  right  angles  to  the  nuclei  of  the 

eternal  coat ;  and  an  external  coat  composed  of  a  very  thin 

*^yer  of  longitudinal  fibres  of  the  white  inelastic  tissue.  Robin 

^^aUa  these  the  third  variety  of  capillary  vessels ;  but  they  are 

**^^,  T^TT  ^  TTir  ^f  a^  ^^^^  ^^  diameter,  become  smaller  as 

^^ey  branch,  and  undoubtedly  possess  the  property  of  con- 

^^^ctility,  which  is  particularly  marked  in  the  arterial  system. 

"following  the  course  of  the  vessels,  when  they  are  reduced  in 

^ize  to  about  -g^j^  of  an  inch,  the  external  fibrous  coat  is  lost, 

^^d  the  vessel  then  presents  only  the  internal  structureless 

^^Cftt,  and  the  single  layer  of  muscular  fibres.     These  are 

^^lled  by  Robin,  capillaries  of  the  second  variety.     They 

^^^corne  smaller  as  they  branch,  and  finally  lose  the  muscular 

^oat,  and  have  then  but  the  single  amorphous  tunic,  with  its 

longitudinal  nuclei.    These,  the  capillaries  of  the  first  variety 

^f  Robin/  we  shall  consider  as  the  true  capillary  vessels. 

'  JHetionnaire  de  Medecine,  etc.,  Paris,  1858  {Capillaire),    This  division  of  tho 
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The  trae  capillary  vessels  present  the  following  charao- 

teri&tics : 


i 

ast 

i 


1,  Shnpiieii^  of  Structure. — They  have  but  the  singl 
amorphous  coat,  from  xr^  ^  Triinr  o^  ^^  i^^^h  thick,  t 
contlnuatloii  of  the  lining  membrane  of  the  larger  TesEels ; 
not  provided  with  an  epithelial  lining,  but  preeenting, 
bedded  in  its  thickness,  a  number  of  oval  nuclei  with  the 
long  diameters  in  the  direction  of  the  axis  of  the  vesseL 

2,  JSrmiU  Diameter  of  the  YeaBeh.^—TheSv  diameter  is  gea 
erally  as  small  <>r  smaller  than  that  of  the  blood-corpuselea  j 
BO  that  these  bodies  always  move  in  a  single  Hoe,  and  must 
become  deformed  in  passing  through  the  smallest  vesgdsj 
recovering  their  natural  shapej  however^  when  they  pass  int 
vessels  of  larger  size.     Tlie  capillaries  are  smallest  in  tL 
nervous  and  muscular  tissuej  i-etina,  and  patches  of  Peyer,^ 
where  they  have  a  diameter  of  from  -j^^  to  ^^  of  an  inch. 
In  the  mucous  layer  of  the  skin,  and  in  the  mucous  mem- 
branes, they  are  from  -^^  to  ^^  of  an  incli  in  diameter. 
They  are  largest  in  the  glands  and  bones,  where  tlicy  arts  from 
stAhf  *^  Tinn?  ^^  ^^  ^^^  '^  diameter.*  r  These  measurements 
indicate  the  size  of  the  vesseL  and  not  its  caliber,     Takiti 
out  the  thickness  of  their  waUs,  it  Is  only  the  very  largest  ol 
them  which  will  admit  of  the  passage  of  a  blood-disk  without 
a  change  in  its  Ibrm, 

3,  Pemdiariiies  of  DutrUmtton, — ^Unlike  the  arteries, 
which  grow  smaller  as  they  branch,  and  simply  carry  blood 
by  the  shortest  course  to  the  paits,  and  the  veins,  which  be- 
come larger  as  we  follow  tlie  course  of  tlie  blood  by  uuioi^_ 
with  each  other,  the  capillaries  tbrm  a  true  plexus  of  vessdi^l 
of  nearly  uniform  diameter,  branching  and  inosculating  in 

cipiUAiiei  luta  i^rae  varletieii,  the  first  with  a  liumogencouit  coat,  tbe  eecoud  wjtb 
Ui<3  addiilou  of  the  muucukr  coat^  mnd  tlio  third  m\h  the  musculAr  urid  fibrous 
ooftt,  was  made  by  Ileple,  and  is,  perhaps,  tbe  otie  mo<tt  generally  adoptct).  Kok 
Uker  ^TC^fl  Oic  dirisloii  wc  bav<;  adopted,  regarding  &a  true  ^^apLlliities  only  thaae 
reescla  which  have  a  single  coat.  The  oUietB  he  calk  "  vee*eU  of  Iraii^Uiotj/* 
'  E5u.tlt£»i  MaiiHiU  of  Buman  Microscttjne  A»aiomtf,  Ixindtm,  1000,  p»  000, 
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every  direction^  distributing  blood  to  the  parts,  as  tbeir  phjs- 
iolor^cal  iieceisaitics  demand.  This  inosfulatitm  is  pectiliar 
to  these  v^sek,  and  the  plexus  ia  ricli  in  the  tissues,  m  a  gen- 
eral rule,  in  proportion  to  the  activity  of  tbtjir  uutrition, 
Thoogh  tlieir  arnmgenient  preseiita  certain  differences  in 
diftereut  organs,  the  capillary  vessels  have  everjnvhere  the 
eame  general  characteristics,  the  most  prominent  of  which 
are  uniform  diameter  and  absence  of  any  positive  direction. 

The  network  thus  formed  is  very  rich  in  the  aubstance 
of  the  glandii,  and  in  the  organs  of  ab.^orption  ;  but  the  ves- 
sela  are  only  distended  with  blood  dm'ing  the  phy&iological 
aetivity  of  these  parts.  In  the  lungs  the  meshes  are  partic- 
ularly close*  In  other  parts  the  vessels  are  not  iso  abundant, 
presenting  great  variations  in  different  tissues.  In  the  mus- 
cles and  nerves,  In  which  nutrition  is  very  active,  the  supply 
U  much  more  abundant  than  in  other  pai*t4>,  like  iibro-serous 
membranes,  tendons,  etc.,  whose  functions  are  rather  passive.* 
In  none  of  the  tissues  do  we  find  capillarieii  penetrating  the 
ftnatomical  elements,  as  the  ultimate  muscular  or  nervous 
flbres*  Some  tissues  receive  no  blood,  at  least  they  contain 
Jio  vessels  whicli  are  capable  of  carrying  red  blood,  and  are 
nourished  by  imbibition  of  the  nutrient  plasma  of  the  eircu- 
latiog  fluid.  Examples  of  these,  which  are  called  extra-vas- 
cular, are  cartilage,  nails,  hair,  etc. 

The  foregoing  anatomical  sketch  gives  an  idea  of  how 
near  the  blood  is  bronght  to  the  tissues  in  the  capillary  sys- 
tem, and  how,  once  conveyed  there  by  the  arteries,  and  the 
fiupply  regulated  by  the  action  of  the  muscular  coat  of  the 
sioaller  vesiselfi,  the  blood  is  distributed  for  the  purposes  of 
UUtritioBf  eeuretjon,  absorption,  exhalation,  or  whatever  func- 

'  The  vnogement  Qf  tlie  cvpiUiiriea  ia  dLfferent  tiiisucg  and  orgaa§  has  gen* 
enXij  h&en  osoertAliied  by  tnlnuto  iiyecUon^  hi  etudjiug  L&ji^cuhI  prcpafniiotig, 
boHfitGF,  It  mint  be  borne  in  mind  that  when  InjiHrtcd,  Um  cIu»Ug  nad  jieldiog 
TiMi^  v^e  didksidQd  to  tbcir  extn^me  cafwc^U^,  ond  Ihe  caplUaricfi)  tbereCor^ 
occupy  ft  ifrnve  mucb  gi^fttar  th&D  is  imtumL  hi  mjectioDg  of  the  lirer,  for  ex- 
JUDfiiei  Ibc  capDlAii^  SGum  lo  cQD&tituii*  tbu  bulk  of  iba  orgntzi,  md  we  are  at  a 
\om  10  undenstAiid  kaw  the  cells,  duct?,  etc.,  find  place  between  tbeir  meshefi. 
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tion  the  part  lias  to  perform.  This  will  be  still  more  appa- 
rent Milieu  we  come  to  consider  the  course  of  the  blood  in  the 
capillaries,  and  the  immense  capacity  of  this  system,  as  com- 
pared with  the  arteries  or  vein^*  ^M 

The  capacHy  of  tJie  capillary  system  ia  immmim.     It  is 
only  necessary  to  consider  the  prodigious  vascularity  of  the 
skin,  mncouB  membranes,  or  muscleSj  to  realise  this  fact.     Ii^_ 
injections  of  these  part8,  it  seems,  on  niicroi^opic  examinatioiijj 
as  though  they  contained  nothing  but  capillarieis.     In  j^repa- 
rations  of  this  kind,  the  elastic  and  yielding  coats  of  the  capil- 
laries are  distended  to  their  utmost  limit.     Under  some  clr- 
cnmstances,  in  hcaltbj  they  are  much  distended  watli  bio 
as  tlte  mucous  lining  of  the  alimentary  canal  during  dio 
tion,  the  whole  surface  presenting  a  vivid  red  color,  indicate 
ing  the  great  richness  of  the  capillary  plexns.      Varions 
estimates  of  the  capacity  of  the  capillary ,  as  compared  with 
the  arterial  system,  have  becii  made,  hut  they  are  simply  ap- 
proximative, and  there  eeems  to  be  no  means  by  which  an 
estimate,  with  any  pretentions  to  accuracy,  can  be  ibrnied 
The  various  eBtimates  which  are  given  are  founded  ui>on  ca 
culatious  irom  microscopic  examinations  of  the  rapidity  i 
the  oapillary  circulation,  as  compared  with  the  arteries.     In" 
this  way  Donders  estimates  the  entire  capacity  of  the  capil- 
lary system  aa  500,  and  Vierordt  as  800  times  that  of  the 
arterial  system.     It  must  1)6  evident  to  any  one  wdio  has 
witnessed  the  capillary  circulation  under  the  microscope,  that 
the  conditions  under  which  tbe  animal  under  examination  is 
placed  are  liable  to  interfere  with  the  current  of  blood ;  and 
the  periodical  congestion  of  certain  parts,  the  fugitive  flushes 
of  the  skin,  tbe  condition  of  the  smallest  arteries  induced  by 
changea  of  temperature,  exercise,  etc.,  make  it  evident  that 
the  current  of  blood  is  liable  to  great  variations.   It  is  impo&^ 
sible  to  strictly  apply  to  the  capillary  circulation  in  the  vari- 
ous parts  of  the  human  subject,  obsei-vations  on  the  whig  of  a 
bat,  or  the  mesentery  of  a  cat,     Wa  must  consider,  then, 
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'tbcee  estimates  as  mere  suppositions;  and  tliey  are  given  for 
what  tfiey  are  worth. 

With  the  older  physiologists,  the  contractility  of  the  capil- 
laries was  a  subject  of  discussion.  Sonjc  went  so  ikr  m  to 
appose  that  tliese  little  vessels  were  the  seat  of  rhythmical 
l>n  tractions  which  materially  assist^  the  flow  of  the  blood*  In 
microscopic  exatuinationsj  irritation  or  etimnlation  is  seen  to 
produce  contraction  of  the  smallest  arteries ;  but  there  is  no 
evidence  that  the  capillaries,  wiiich  have  a  single  amorphous 
coatj  have  any  such  property.  Tliey  nndergo,  while  under 
obfter^*ation.  considerable  alterations  in  caliber;  but  this  is 
due,  in  all  probability,  to  ditierences  in  the  pressure  of  blood 
m  their  interior*  Tlie  capillaries  can  only  be  considered  as 
endowed  with  elasticity,  winch  enables  them  to  react  upon 
their  contents,  w^hen  there  is  any  diminution  in  prepare.  In 
the  vascular  Bystem,  contractility  disappears  with  the  nauscu- 
lar  fibre^  cells  which  form  the  middle  coat  of  the  arterioles. 

Course  of  the  Blood  in  ifw  Ca^illari^^. 

Tlie  phenomena  of  the  capillary  circulation  are  only  ob- 
servable with  the  aid  of  the  microsoope.  It  was  not  granted 
to  the  discoverer  of  the  eircnlation  to  see  the  blood  moving 
through  the  capillaries,  and  lie  never  knew  the  exact  mode 
of  communication  between  the  arteries  and  veins.  After  it 
wiLB  pretty  generally  acknowledged  that  the  blot^d  did  pass 
from  the  arteries  to  the  veins,  it  was  disputed  wdiether  it 
passed  in  an  intermediate  system  of  vesselsj  or  became  dif- 
fnaed  in  the  su!>stance  of  the  tis&ues,  like  a  river  flowing 
between  numlierless  little  islands,  to  be  collected  by  the  ve- 
nous radicles  and  conveyed  to  tlie  heart.  Accurate  micro* 
Beopic  investigations  have  now  demonstrated  the  existence, 
and  given  ds  a  clear  idea  of  the  anatomy,  of  the  internie^ 
diate  vessels-  In  1001,  the  celebrated  anatomist,  Malpighi, 
fimt  »aw  tlie  movement  of  the  blood  in  the  capillaries,  in  tlie 
longs  of  a  frog.     Since  that  time,  physiologists  have  studied 
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the  circulation  in  Tarioiia  transparent  parts  in  the  inferior 
animals,  m  the  web  of  the  frog*s  foot,  the  tongue  of  the  frog, 
the  Itinga  of  the  frog  and  of  the  water-newt,  tlie  megenterj  of 
very  young  rats  or  miec*,  the  wing  of  the  bat,  etCp  The  most 
convenient  situation  is  the  tongue  or  the  web  of  the  Irog, 
Hero  may  bo  studied,  not  only  the  movement  of  the 
blood  111  the  true  capiHaries,  but  the  circulation  in  the  gmall- 
e^t  arteries  and  veins;  the  variations  in  caliber  of  these  ves- 
sels, especially  the  arterioles,  by  the  action  of  their  mnscnlar 
tunic;  and  indeed  the  action  of  vessels  of  considerable 
size.  This  has  been  a  most  valuable  means  of  studying  the 
cirt^ulation  in  the  capillariea,  as  contrasted  with  the  small 
arteries  and  veins;  the  only  one, indeed^  which  could  give  na 
any  definite  idea  of  the  action  of  these  vessels. 

Before  taking  up  the  causes  of  the  capilli^ry  circulatio 
and  the  various  physical  or  vital  laws  which  are  involved,  i 
will  describe  the  phenomena  which  are  observed  with  the  i 
of  the  microscope. 


Phenmmma  of  ike  CtipiUary  Cireiilaiion, — ^The  inagnil 
cent  spec-tacle  of  the  capillary  circidation,  tirst  observed 
Malpighi,  in  the  lungs,  and  afterwards  by  Leeuwenhc 
Spalianznni,  Ilaller^  Cowper,  and  others^  in  other  parts,  hi 
ever  since  been  the  dehght  of  the  physiologist.  We 
the  great  arterial  rivers^  in  which  the  blood  flows  with  wo 
derful  rapidity,  branching  and  subdividing,  until  the  blood  i~ 
brought  to  the  superb  network  of  fine  capillaries^  where  the 
corpuscles  dart  along  one  by  one;  the  fluid  being  tlien  col- 
lected by  the  veins,  and  carried  in  great  currents  to  the  heart* 
This  exhibition j  to  the  student  of  Nature,  is  of  inexpressible 
grandeur;  and  our  admiration  is  not  diminished  when  we 
come  to  study  the  phenomena  in  detail.  We  iind  here  a 
subject  as  interesting  as  ivas  the  action  of  the  heart  when 
seen  by  Harvey,  involving  some  of  the  most  importarit  plii 
nomenaof  the  circulation.  It  can  be  seen  how  the  arteriole 
regulate  the  supply  of  blood  to  the  tissues ;  how  the  blc 


I 


distributes  itself  by  the  capillaries;  and  finally,  having per* 
fonned  its  office^  how  it  is  collected  and  carried  off  by  the 
veins.' 

In  Btudying  the  cirenlation  under  the  mseroscopej  the  an- 
atomical division  of  tha  blood  into  corpuscles  and  a  clear 
plasma  Is  observed-  This  is  peciiliai''ly  evident  in  cold-blood- 
ed animals,  the  corpuscles  being  comparatively  large,  and 
floatiug  in  a  plasma  which  forms  a  di&tinet  layer  next  the 
walla  of  the  vessel-  The  white  corpuscles,  which  are  mueh 
fewer  tbau  the  red,  are  generally  found  in  the  layer  of 
plasma. 

In  vesaela  of  coneidcrable  size,  as  well  as  the  capillaries, 
the  corpuscles^  occupying  the  central  portion,  move  with 
much  greater  rapidity  than  the  rest  of  the  blood,  leaving  a 
layer  of  clear  plasma  at  the  sides,  which  is  nearly  immovable. 
This  curious  phenomenon  is  in  obedience  to  a  physical  law 
regnlating  the  passage  of  liquids  through  capillary  tnbes  for 
which  they  have  an  attraction^  such  as  exists,  fur  example, 
between  the  Ijlood  and  the  vessels.  In  tubes  reduced  to  a 
diameter  approximating  to  that  of  the  capillaries,  the  attractive 
force  exerted  by  their  walls  upon  a  liquid^  causing  it  to  enter 

'  Vtrious  iut^tJiodj  of  |irepariDg  the  uumttl  for  ei&tainatioii  bare  bei^n  em- 
ploye*!, Tlie  one  we  Iiqtc  fouod  most  cotiirenientj  Id  examiniiif^  tbo  drculatton 
10  the  trog^  m  to  bn^k  up  the  m(<dulk  mth  a.  !i€edli\  mi  opcrntlod  which  dcx?^  not 
joteriere  with  the  circiilati0Hi  and  aitadi  the  aiiimiLl  by  pins  to  a  thin  piece  of 
ciirk,  iirelchin^  the  web  over  ao  ^>rifice  hi  the  corkj  to  flllow  the  passage  of  lights 
tnd  H^ciifiug  tt  frith  pina  through  the  toes.  Tlie  rDemhrone  is  then  moici toned  with 
iratur,  and  covered  with  thio  gta93,  and  If  Ihe  g^i^oeiml  surface  be  kvpi  moist^  the 
dreiilatioti  tnnf  be  studied  for  hours*  (See  ^*  Phenonietui  of  the  CoplUnry  Cireula- 
tfofi,"  an  tnaugnral  thcsi*^  by  the  author,  American  Jour  nut  of  the  Mcdi^  Sc^tencet^ 
Jul/,  IS57  )  By  gently  inflating  the  lutjgs  with  a  stnaU  blow*pLpf:\  s^oeuring  tlicm 
bj'  i,  tSgtitufc  passed  around  the  brynx  beneath  Uie  muuotis  meo^hnine,  and  open- 
ing the  ebetitf  tb^  di?culation  may  be  examined  m  ihtA  situation.  It  may  be  Btu- 
die!  in  the  tongue  (whieh  presents  amognifioent  view  of  the  circulation  m  well  as 
ihti  tM^vcd  and  mnacular  flhrcj»]  by  drawing  It  out  of  the  mouthy  find  spreading  it 
Into  a,  tluQ  tbeetf  eecunng  it  with  pins.  Tbc  eirculation  may  be  st^idied  bi  the 
loe^eQterf  of  m  Bman  wartn-^bloodi'd  animal,  like  the  monae,  by  filing  it  npon  the 
fn|g<|kLite,  opening  Ihe  abdomen,  and  dtuwing  out  tlie  menibrano  i  but  not  as 
•iH  Or  W  ^ooTenieBtly  oa  in  the  tongue  or  web  of  the  frog. 
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the  tube  to  a  certain  dietaiice,  called  capillary  attraction,  lie- 
comes  aJi  olwstacle  to  the  passage  of  fluid  in  obeclienoe  to 
pressure.  Of  coursCj  as  tLe  diameter  of  tiie  tube  u  rednead, 
this  force  becoinea  relatively  iucreasedj  for  a  larger  propor- 
tion of  the  liquid  con  tents  is  hrouglit  in  contact  with  iu 
Wben  vce  come  to  the  aniaUest  arteries  and  Teins^  and  still 
more  the  capillaries,  the  capillary  attraction  is  gnfticicnt  to 
produce  the  immovable  layer,  called  the  *^*Btill  layer"  by 
raany  phyeiologistSj  and  the  liquid  only  movm  in  the  central 
portion.  The  plaema  occupies  the  position  next  the  walls  of 
the  vei^cls,  for  it  h  this  portion  of  the  blood  which  is  capable 
of  wetting  the  tubes*  The  transparent  layer  was  observed 
by  Malpighi^  Ilaller,  and  all  who  have  dcMTihed  the  capillary 
eirculation.  Poiscuille  recognized  its  true  reiatiou  tu  tie 
blood -current,  and  explained  the  phenomenon  of  the  still 
layer  by  physical  laws,  which  had  l>een  prevlonsly  estiiblisiied 
with  regard  to  the  flow  of  liquids  in  tubes  of  the  diameter  of 
trom  ^  to  J  of  an  inch,  but  which  he  had  succeeded  in  apply- 
ing to  tubes  of  the  diameter  of  the  capillaries.* 

A  red  corpuscle  occasionally  becomes  involved  in  the  still 
layer,  when  it  moves  slowly,  turning  over  and  over,  or  even 
remains  stationary  for  a  time,  until  it  is  takeo  up  again  aad 
carried  along  with  the  central  current.    A  few  wiiite  corpus- 
cles are  constantly  seen  in  this  layer-     They  move  along  ^ 
dowly,  and  apparently  have  a  tendency  to  adhere  to  tb^^J 
walls  of  the  vesseL     This  is  due  to  the  adhesive  character  o&^ 
the  eurtuce  of  the  white  corpuscles  as  compared  with  the  rec^^^ 
whieli  can  easily  be  obeerved  in  examining  a  drop  of  I'lf**^:::::^ 
between  glass  surfaces^  tlie  red  corpuscles  moving  about  m^ — tii 
great  facility,  while  the  white  have  a  tendency  to  adhere. 

Great  diflerences  exist  in  the  character  of  tbe  flow  of 
blood  in  the  thi-ee  varieties  of  vessels  wluch  are  under  ob^^^er- 
vation,  In  the  arterioles,  which  may  be  distinguislied  fr'^^ai 
the  capillaries  by  their  size  and  the  presence  of  the  muscr*^^*^^ 

smuii  Capiilairta^  p.  Hi  tl  4tq, 
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and  fibrous  coats,  the  movement  is  distinctly  remittent,  even 
in  their  most  minnte  ramifications.  The  blood  moves  in 
them  with  much  greater  rapidity  than  in  either  the  capil- 
larieg  or  veins.  They  become  smaller  as  they  branch,  and 
cany  the  blood  always  in  the  direction  of  the  capillaries. 
The  veins,  which  are  relatively  larger  than  the  arteries,  carry 
the  blood  more  slowly,  and  in  a  continuous  stream,  from  the 
capillaries  toward  the  heart.  In  both  these  vessels  the  cur- 
^t  is  frequently  so  rapid,  that  the  form  of  the  corpuscles 
^not  be  distinguished.  Only  a  portion  of  the  white  cor- 
P'wdes  occupy  the  still  layer,  the  rest  being  carried  on  in  the 
central  current. 

The  circulation  in  the  true  capillaries  is  sui  generis.  Here 
^ke  blood  is  distributed  in  every  direction,  in  vessels  of  nearly 
^Uiifonn  diameter.  The  vessels  are  generally  so  small  as  to 
^dmit  but  a  single  row  of  corpuscles,  which  move  almost  like 
t^ngs  endowed  with  volition.  In  a  single  vessel,  a  line  of 
Corpuscles  may  be  seen  moving  in  one  direction  at  one  mo- 
*^ent,  and  a  few  moments  after  taking  a  directly  opposite 
^onrse.  Spallanzani,  in  one  of  his  observations,  describes  the 
^'tjllowing  phenomenon.  Two  single  rows  of  corpuscles,  pass- 
^^  in  two  capillary  vessels  of  equal  size,  were  directed  to- 
'^^  a  third  capillary  vessel,  formed  by  the  union  of  the  two 
^there,  which  would  itself  admit  but  a  single  corpuscle.  The 
Corpuscles  in  one  of  these  vessels  seemed  to  hold  back  until 
^osefrom  the  other  had  passed  in,  when  they  followed  in  their 
^Om.*  When  the  circulation  is  natural,  the  movement  in 
^lie  capillaries  is  always  quite  slow  compared  with  the  move- 
ment in  the  arterioles,  and  is  continuous.  Here,  at  last,  the 
^tiapnlse  of  the  heart  is  lost.  The  corpuscles  do  not  neces 
^Hrily  circulate  in  all  the  capillaries  which  are  in  the  field  ol 
'^^w.  Certain  vessels  may  not  receive  a  corpuscle  for  some 
^iine,but  after  a  while  one  or  two  corpuscles  become  engaged 
^*^  them,  and  a  current  is  finally  established.  Many  inter- 
CBting  little  points  are  noticed  in  examining  the  circulation 

'  Spallahzani,  JExpirienceB  mr  la  Ciradaiion  Paris,  1808,  p.  177. 
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for  a  length  of  time.  A  coq:»ii&cle  is  frequently  seen  cauglit 
at  the  angle  where  a  vessel  divides  into  two,  petuaining  fixed 
far  a  time,  distorted  aud  Ijent  by  the  ibrce  of  the  current- 
It  soon  beeomes  released,  and,  as  it  enters  the  vessel,  regains 
its  original  form.  In  some  of  the  vessels  of  smallest  size,  the 
corpuscles  are  slightly  defonned  as  they  pass  through. 

The  scene  is  changed  Tvith  every  difierent  part  which  is 
examined  In  the  tongue,  in  addition  to  the  arteriole*  and 
venules,  ^vith  the  rich  network  of  capillarieSj  dark-bordered 
nerve-fihreSj  etriated  muscular  fihrce,  and  pavement  epitlie* 
lium  can  be  distinguished*  In  the  lungs,  the  view  is  very 
heautifLil.  Large,  polygonal  air-cells  are  observed,  bounded 
by  capillary  vessels,  in  which  the  corpuscles  move  with  ex- 
treme rapidity.  It  has  been  observed  that  the  larger  ve^eli 
are  crowded  to  their  utmost  capacity  with  corpuscles,  leaving 
no  still  layer  next  the  walls,  such  as  it  seen  in  the  circulation 
in  other  situations. 

When  the  cii-culation  has  been  for  a  long  time  under 
observation,  as  the  animal  becomes  enfeebled,  veiy  interest- 
ing clianges  in  the  character  of  the  flow  of  blood  take  place. 
The  continuous  stream  in  the  smallest  vessels  diminishes 
in  rapidity,  and  aiter  a  while,  when  the  contractions  of  the 
heart  have  become  infrequent  and  feeble,  the  blood  is  nearly 
arreste<l,  even  in  the  smallest  capillaries,  during  the  intervals 
of  the  heart's  action,  and  the  current  becomes  remittents 
As  the  central  organ  becomes  more  and  more  enfeebled,  the 
circulation  becomes  intermittent;  the  blood  receiving  an 
inipuke  from  each  contraction,  hut  remaining  stationary 
during  the  intervals.  At  thi^  time,  the  corpuscles  cease  to 
occupy  exclusively  the  central  portion  of  the  vessels^  and  the 
clear  layer  of  plasma  next  their  walls,  which  was  ob- 
served in  the  normal  circulation,  is  no  longer  apparent. 
Following  tliis,  there  is  actual  oscillation  in  the  capillaries. 
At  each  contraction  of  the  heart,  the  blood  is  forced  onwards 
a  little  distance,  but  almost  immediately  returns  to  about  its 
former  position.     This  phenomenon  has  long  been  observed, 
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and  is  explained  in  the  following  way :    As  the  heart  has 
become  enfeebled,  the  contractions  are  so  infrequent  and  in- 
effectual, that  during  their  intervals  the  constant  flow  in  the 
capillaries  is  entirely  arrested ;  for  the  arterial  pressure,  which 
is  its  immediate  cause,  and  which  is  maintained  by  the  suc- 
oessive  charges  of  blood  sent  into  the  arteries  at  each  ventric- 
nlar  systole,  is  lost.    But  as  the  blood  is  contained  in  a  con- 
:ziected  system  of  closed  tubes,  the  feeble  impulse  of  the  heart 
is  propagated  through  the  vessels  and  produces  a  slight  im- 
pulse, even  in  the  smallest  capillaries,  which  dilates  them 
and  forces  the  fluid  a  little  distance.    As  sood,  however,  as 
tie  heart  ceases  to  contract,  the  current  is  arrested,  and  the 
l>lood,  meeting  with  a  certain  amount  of  obstruction  from  the 
fluid  in  the  small  veins,  which  are  still  further  removed  from 
"the  heart,  is  made  to  return  to  its  former  position. 

This  phenomenon  continues  for  a  short  time  only,  for  the 
heart  soon  loses  its  contractility,  and  the  circulation  in  all  the 
"V^essels  is  permanently  arrested. 

Rapidity  of  the  Capillary  Circulation, — The  circulation 

^n  the  capillaries  of  a  part  is  subject  to  such  great  variations, 

^Hd  the  differences  in  different  situations  are  so  considerable, 

tliat  it  is  impossible  to  give  any  definite  rate  which  will 

'^present  the  rapidity  of  the  capillary  circulation.     It  is  for 

^tis  reason  that  it  has  been  found  impracticable  to  estimate 

^^e  capacity  of  the  capillary,  as  compared  with  tjie  arterial, 

System.     The  rapidity  of  the  flow  of  blood  is  by  no  means 

^^   great  as  it  appears  in  microscopic  examinations;  being, 

^f  course,  exaggerated  in  proportion  to  the  magnifying  power 

^Oaployed.    It  is,  nevertheless,  to  microscopic  investigations 

^liat  we  are  indebted  for  the  scanty  information  we  possess 

^^  this  subject.     The  estimates  which  have  been  made  by 

'V'arious  observers  refer  generally  to  cold-blooded  animals,  and 

^^ve  been  arrived  at  by  simply  calculating  the  time  occupied 

^y  a  blood-corpuscle  in  passing  over  a  certain  distance.  Hales, 

'^ho  was  the  first  to  investigate  this  question,  estimated  that 
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in  the  frog  a  corpusele  moved  at  the  rate  of  an  inch  in  ninety 
eecouds/  Tlie  estimates  of  Wel)er  and  Yaleiitin  are  con- 
siderably higher^  being  about  ^  of  an  inch  per  second. 
Yolkniann  eakulated  the  rapidity  in  the  mesentery  of  the ' 
dog,  which  would  approxiinatB  more  nearly  to  the  hnman 
subject,  and  found  it  to  be  about  ^  of  an  inch  p^r  second.' 
Yierordt  made  a  number  of  enrious  observations  upon  him- 
8eU"i  by  which  he  profei^sed  to  be  able  to  estimate  the  rapidity 
of  the  circulation  in  the  little  vesaek  of  the  eye.  He  states 
that  when  the  eye  is  fatigued,  and  sometimes  when  the  ner- 
vous system  is  di^ordci^edj  compression  of  the  glol>e  in  a  cer- 
tain way  will  enable  one  to  see  a  current  like  that  in  a  capil- 
lary plexus*  This  he  believes  to  be  the  capillary  circulation, 
and  by  certain  calculations  he  formed  an  estimate  of  its  rapid- 
ity, putting  it  at  from  ^  to  ^  of  an  inch.  The  latter  figure 
accords  pretty  nearly  vtith  the  observations  of  Volkmann 
upon  the  dog/  IIow  far  these  observations  are  to  he  relied 
upon  it  is  impossible  to  say.  Certainly  no  great  importanoei 
would  be  attached  to  them  if  they  did  not,  in  their  results, 
approximate  to  the  estimates  of  Yolkmann,  wdiich  probably 
re]>resent,  more  nearly  than  any,  the  rapidity  in  the  capil- 
laries of  the  human  subject. 

Alter  what  has  been  said  of  the  variations  in  the  capillary 
circulation,  it  is  evident  that  the  foregoing  e&timatoa  ase  bj  j 
no  means  to  be  considered  exact. 


Melatimi^  of  the  CapiUury  Gir&id^^ion  ta  Hespiraii&n.'^ 
In  treating  of  the  influence  of  respiration  upon  the  aetion  of 
the  heaii:,  the  arterial  pressure,  pulse,  etc.,  it  has  already  j 
been  stated  that  non-aerated  blood  caunot  circulate  freely  in* 
the  capillaries.  Yarious  ideas  with  regard  to  the  eflects  of 
asjihyxia  upon  the  circmlation  have  been  advanced,  whict 
will  be  agaiu  discussed  in  coimection  with  respiration,     Th» 

^  MiLKG-Ex>WAMis^  Lepotix  tur  ia  Ph^iologie^  Fuii&f  ISCQ^  lome  ir,,  p,  2a8. 
*  Ibid 
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fiujt  is  evident,  that  arrest  of  respiration  produces  arrest  of 
circulation.  This  is  ordinarily  attributed  to  an  impediment 
to  the  passage  of  blood  through  the  lungs,  when  they  no 
longer  contain  the  proper  quantity  of  oxygen.  This  view  is 
entirely  theoretical,  and  has  been  disproved  by  experiments 
dating  more  than  half  a  century  ago.  In  1789,  Goodwyn 
advanced  the  theory  that,  in  asphyxia,  the  blood  passes 
thiroTigh  the  lungs,  but  is  incapable  of  exciting  contractions 
in  the  left  ventricle.*  Bichat,  in  his  celebrated  essay  "  Sur 
J*  Yie  et  la  Mori^'^  1805,  proved  by  experiment  that  black 
blood  passes  through  the  lungs  in  asphyxia,  and  is  found  in 
the  arteries.  His  theory  was  that  non-aerated  blood,  circu- 
lating in  the  capillaries  of  the  nervous  centres,  arrests  their 
fiinction,  thus  acting  indirectly  upon  the  circulation;  and 
tfiat  finally  the  heart  itself  is  paralyzed  by  the  circulation  of 
Wack  blood  in  its  substance. 

Dr.  John  Eeid,  in  an  article  "  On  the  Cessation  of  the 
Vital  Actions  in  Asphyxia," '  describes  an  experiment  in  which 
*  hemodynamometer  applied  to  the  femoral  artery  of  a  dog 
^dicated  increase  in  the  arterial  pressure  during  the  first 
foments  of  asphyxia,  followed  finally  by  a  depression  in  the 
Mercury.  He  found  a  corresponding  diminution  in  the 
P^^'essure  in  the  vein  of  the  opposite  side.  "  This  was  so  un- 
*^>oked  for — at  first  sight  so  inexplicable,  and  so  much  at 
'^^ance  with  my  preconceived  notions  on  the  subject,"  says 
^l^e  author,  "  that  I  was  strongly  inclined  to  believe  there 
^iist  be  some  source  of  fallacy ;  but  after  repeating  the  ex- 
periment more  than  twenty  times,  and  invariably  with  the 
^me  results,  I  was  at  last  compelled  to  admit  its  accuracy." 
*hiB  he  surmises  is  due  to  "  an  impediment  to  the  passage  of 
^e  venous  blood  through  the  capillaries  of  the  systemic  cir- 
^^ation."    In  his  conclusions  at  the  end  of  the  article,  how- 

'  P.  BiRABD,  Ckurt  de  Phy%iologie  fait  d  la  FacuUi  de  Medecine  de  Paris^ 
^^ly  tome  iil,  p.  444. 

.  JoHH  RnD,  M.  D.,  Phynologieal^  Anatomical,  and  Pathological  Researches, 


— Jn,  1848,  p.  26.    (Article  extracted  from  the  Edinhirgh  Medical  and 
^^***Vusd  Journal,  April,  1841.) 
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ever,  lie  takes  no  account  of  the  results  of  this  experiment, 
which  point  conclusively  to  arrest  of  blood  in  the  capillary 
system,  and  the  conclusions  with  regard  to  the  effect  of  as- 
phyxia upon  the  circulation  are  substantially  those  of  Bichat 

The  immediate  effects  of  asphyxia  upon  the  circulation 
are  referable  to  the  general  capillary  system.  This  fact  was 
demonstrated  by  experiments  on  the  frog  published  in  1857.' 
In  these  experiments,  the  medulla  oblongata  was  broken 
up,  and  the  web  of  the  foot  submitted  to  microscopic  exam- 
ination. This  operation  does  not  interfere  with  the  circula- 
tion, which  may  be  observed  for  hours  without  diflSculty. 
The  cutaneous  surface  was  then  coated  with  collodion,  care 
only  being  taken  to  avoid  the  web  under  observation.  The 
effect  on  the  circulation  was  immediate.  It  instantly  be- 
came less  rapid,  until,  at  the  expiration  of  twenty  minutes, 
it  had  entirely  ceased.  The  entire  coating  of  collodion  was 
then  instantly  peeled  off.  Quite  a  rapid  circulation  imme- 
diately commenced,  but  it  soon  began  to  decline,  and  in 
twenty  minutes  had  almost  ceased.  In  another  observation, 
the  coating  of  collodion  was  applied  without  destroying  the 
medulla.  The  circulation  was  affected  in  the  same  manner 
as  before,  and  ceased  in  twenty-five  minutes. 

These  experiments,  taken  in  connection  with  observations 
on  the  influence  of  asphyxia  upon  the  arterial  pressure,  con- 
clusively show  that  non-aerated  blood  cannot  circulate  freely 
in  the  sj^stcmic  capillaries.'  Yenous  blood,  however,  can  be 
forced  through  them  with  a  syringe,  and  even  in  asphyxia  it 
filters  slowly  through,  and  if  air  be  admitted  to  the  lungs 
before  the  heart  has  lost  its  contractility,  the  circulation  is 
restored. 

No  differences  in  the  capillary  circulation  have  been  no- 

*  See  article  by  the  author,  entitled  "Phenomena  of  the  Capillary  Circula- 
tion," American  Journal  of  the  Medical  Sciences^  July*  1867. 

'  In  these  experiments,  ether  had  previously  been  freely  applied  to  the  surface 
to  render  it  certain  that  the  effects  on  the  circulation  were  not  the  result  of  this 
ingredient  of  the  collodion. 
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ticed  accompanying  the  ordinary  acts  of  inspiration   and 
expiration. 

Cwuses  of  the  Capillary  Circulation, — The  contractions 
of  the  left  ventricle  are  evidently  capable  of  giving  an  im- 
pulse to  the  blood  in  the  smallest  arterioles,  for  a  marked  ac- 
celeration of  the  current  accompanying  each  systole  can  be 
distinguished  in  all  but  the  true  capillaries.    It  has  also  been 
shown  by  experiments  after  death,  that  blood  can  be  forced 
through  the  capillary  system  and  returned  by  the  veins  by  a 
force  less  than  that  exerted  by  the  heart.    This,  however, 
cannot  rigidly  be  applied  to  the  natural  circulation,  as  the 
smallest  arteries  are  endowed  during  life  with  contractility, 
"^hich  is  capable  of  modifying  the  blood  current.*     Dr. 
Sharpey  adapted  a  syringe,  with  a  hemodynamometer  at- 
**fcched,  to  the  aorta  of  a  dog  just  killed,  and  found  that  fresh 
defibrinated  blood  could  be  made  to  pass  through  the  double 
^^pillary  systems  of  the  intestines  and  liver,  by  a  pressure  of 
three  and  a  half  inches  of  mercury.    It  spurted  out  at  the 
Vein  in  a  inll  jet  nnder  a  pressure  of  five  inches.    In  this  ob- 
servation, the  aorta  was  tied  just  above  the  renal  arteries. 
The  same  pressure,  the  ligature  being  removed,  forced  the 
Wood  through  the  capillaries  of  the  inferior  extremities.' 
■*^hia  is  much  less  than  the  arterial  pressure,  which  is  equal 
^  from  five  and  a  half  to  six  inches  of  mercury. 

It  is  thus  seen  that  the  pressure  in  the  arteries  which 

^tses  the  blood  toward  the  capillaries  is  competent,  unless 

^PlKwed  by  excessive  contraction  of  the  arterioles,  not  only  to 

^^^ifie  the  blood  to  circulate  in  these  vessels,  but  to  return  it  to 

**^^  heart  by  the  veins.     This  fact  is  so  evident,  that  it  is  un- 

'  A«  showing  the  difference  between  the  yessels  immediately  after  death,  and 

^^  they  haTe  loet  all  their  vital  properties,  we  may  refer  to  an  observation  of 

^^'ird  (op,  eit,  p.  776),  in  which  he  found  it  impossible  to  iiyect,  with  a  solidifi- 

*ble  floid,  parts  of  the  body  immediately  aflcr  amputation.    W^ater  passed  with 

^^ty,  bat  alcohol  or  vinegar  could  not  be  forced  through. 

'  ToM>  and  Bowman,  The  Phynological  Anatomy  and  Phytiology  of  Man^ 
Huladdphia,  1867,  p.  678. 
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necessary  to  discuss  the  views  of  Biehat,  and  eome  other?, 
who  supposed  that  the  action  of  the  heart  had  no  effect  upon 
the  capillary  circulation.  It  must  he  admitted  tliat  this  is  its 
prime  cause ;  and  the  only  questions  to  be  considered  are, 
first,  whether  there  be  any  reason  why  the  force  of  the  heart 
should  not  operate  on  the  blood  in  the  capillariea,  and 
secondj  whether  there  be  any  force  in  these  vessels  wliieli  < 
is  snperaddeil  to  the  action  of  tlie  heart. 

The  first  of  these  questions  is  answered  by  microscopic 
observations  on  the  circulation.  A  distinct  impul&e,  follow- 
ing each  ventrienlar  systole,  is  observed  in  the  smallest  ar- 
teries, Tlie  blood  flows  from  them  directly  and  freely  into 
the  capillaries ;  and  there  is  not  the  slightest  ground  for  the 
suppoBition  that  the  force  is  not  propagated  to  this  system  of 
vessels. 

Various  writers  have  supposed  the  existence  of  a  "  capil- 
lary power,"  which  they  have  regarded  as  of  greater  or  less 
importance  in  producing  the  capillary  circulation.  The 
views  of  some  are  purely  theoretical,  hut  otliert^  ba^e  their 
opinion  on  jnieroscopie  observations,  Theise  views  do  not 
demand  an  extended  discUBsion,  Tliere  is  a  force  in  opera- 
tiottj  the  action  of  the  heart,  which  is  capable  of  producing 
the  capillary  circulation ;  jmd  theix?  is  nothing  in  the  phenom- 
ena of  the  circulation  in  these  vessels^  which  is  inconaistent 
with  its  lull  operation.  Under  these  circumstances,  it  is 
unphilosophical  to  invoke  the  aid  of  the  currents  proihiced 
in  capillary  tubes  in  which  liquids  of  different  characters  are 
brought  in  contact,  or  a  "  capillary  power  "  dependent  upon 
a  vital  nutritive  attraction  between  the  tissues  and  tb&Mood, 
unless  we  do  it  on  the  basis  of  plienomena  ob^^erved  in  the 
capillaries  when  the  action  of  the  heart  is  suppressed. 
When  tbe  heart  ceases  its  action ,  movements  in  the 
eapiilaries  are  sometimes  due  to  the  contractions  of  the  ar- 
terieSj  a  property  %vhich  has  already  been  fiilly  considered. 
Movements  which  have  been  observed  in  membranes  de- 
tached from  the  body  are  due  to  the  mere  emptying  of  the 
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divided  vessels  or  Einiple  grav^hation.  It  must  be  remem- 
bered that  m  microscopic  examinations^  tlio  movements  which 
are  observed  are  immenselj  exaggerated  by  the  magnifying 
power,  and  we  receive,  at  fii^t  siglit,  an  erroneous  idea  of 
their  mpiditj.  The  movements  of  the  blood  in  detached 
membranes,  due  merely  to  gravity^  have  been  so  satisfactorily 
explained  by  the  experiments  of  Poisenille,  that  it  is  deemed 
nnneces^aiy  to  refer  to  the  observations  of  those  who  have 
attributed  this  phenomenon  to  other  causes/ 

Dn  Decider,  of  New  Orieans,  made  some  experiments  on 
the  circulatiou  in  patients  dead  with  yellow  fever,  in  which 
he  found  that  the  blood  would  flow  in  a  tolerably  inll  stream 
from  a  punctnred  vein  a  few  mimites  after  deatlu  This  he 
attributes  to  an  independent  action  of  the  capillaries^,  which 
continues  for  a  time  after  the  action  of  the  heart  has 
eeaeed,'  These  observations  are  met  by  the  following  experi- 
ment pertbrmed  years  belbre  by  Magendie,'  A  ligature  was 
passed  around  tlio  thigh  of  a  dog,  leaving  only  the  crural 
artery  and  vein,  A  ligature  was  then  applied  to  the  veiu, 
and  a  small  opening  made  below  it  in  the  vessel,  from  which 
the  blood  escaped  in  a  jet*  On  compressing  the  artery,  the 
flow  of  blood  was  not  immediately  arrested  in  tlie  vein,  but 
continued  to  gi-adually  diminish  in  force  until  it  stopped  after 
a  few  moments.  On  atamining  the  artery  below  the  point 
of  compression,  it  was  found  contracted,  and  completely 
emptied  of  blood,  while  the  vein  was  full  below  the  punc- 
tare.  The  prefigure  being  removed  from  the  artery,  the  blood 
commenced  to  flow  from  the  vein,  and  a  jet  was  soon  estab- 
lished as  before.  When  the  artery  was  slightly  compressed, 
eo  as  to  allow  the  passage  of  a  small  quantity  of  blood,  not 
enough  to  distend  the  vcBsel,  the  blood  flowed  from  the  vein, 
but  no  longer  in  a  jet.     This  experiment  shows  that  when 


PoTSKUiLLE,  Ji^h^thfttur  let  Cotua  du  MomftmirU  dm  San^dang  ie$  Fo^ 
CitpUhirtM,  1836,  p.  127, 
'  DcNousoiTt  Human  Phfj!f}tdffgy^  PhUaddpbiat  1851,  toI  i.>  p.  420. 
*  HiQlMDtl,  PrkU  ^limmtahc  de  Fhtftido^ic^  PiiiiB,  1830,  toisc  iL,  p,  300. 
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an  artery  supplying  a  part  with  blood  is  removed  from  the 
influence  of  the  heart,  the  vessel  will  contract  and  force  its 
contents  into  the  vein.  This  affords  the  most  rational  expla- 
nation of  the  phenomena  observed  by  Dr.  Dowler.  When 
the  blood  is  allowed  to  enter  slowly,  so  as  not  to  distend  the 
vessel,  though  it  be  supplied  to  the  capillary  system,  it  does 
not  there  undergo  any  propelling  influence,  competent,  at  any 
tinUj  to  increase  the  rapidity  of  the  flow  from  the  vein. 

Physiologists  who,  like  Bichat,*  have  been  unable  to 
explain  the  local  variations  in  the  capillary  circulation  with- 
out the  intervention  of  a  force  resident  in  these  vessels  or  the 
surrounding  tissues,  have  not  appreciated  the  action  of  the 
arterioles.  These  little  vessels  are  endowed  to  an  eminent 
degree  with  contractility  and,  by  the  contractions  and  re- 
laxations of  their  muscular  walls,  regulate  the  supply  of  blood 
to  the  capillaries  of  individual  parts.  Their  action  is  oamr 
jpeterU  to  produce  all  the  variations  which  are  observed  in  the 
capillary  circiUatton. 

It  is  evident,  then,  that  the  arterial  pressure,  which  is 
itself  derived  from  the  action  of  the  heart,  is  competent  to 
produce  the  circulation  of  the  blood,  as  we  observe  it,  with 
all  its  variations,  in  the  capillary  vessels ;  that  there  is  no 
evidence  of  the  intervention  of  any.  other  force,  but,  on  the 
contrary,  microscopic  observations  and  experiments  on  the 
arteries  and  veins,  thus  far,  show  that  there  is  no  other  force 
in  operation.'' 

>  Loe.  cit, 

^  It  has  been  asserted  that  there  is  a  circulation  of  the  blood  in  the  area  Taa- 
culosa,  the  first  blood-vessels  that  are  developed,  before  the  heart  is  formed ;  but 
there  are  no  definite  and  reliable  obser\'ations  which  show  that  there  is  any  regular 
movement  of  the  blood,  which  can  be  likened  to  the  circulation  as  it  is  observed 
after  the  development  of  the  heart,  anterior  to  the  appearance  of  a  contractile 
central  organ.  Another  example  of  what  is  supposed  to  be  circulation  without 
the  intervention  of  the  heart  is  in  cases  of  acardiac  footuses.  Monsters  without  a 
heart,  which  have  undergone  considerable  development  and  which  present  systems 
of  arteries,  capillaries,  and  veins,  have  been  described.  All  of  these,  however, 
arc  accompanied  by  a  twin,  in  which  the  development  of  the  circulatory  system  is 
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Infiuence  of  Temperature  on  t/i^  dtpiliary  Clreulutmn. — 
Witliiu  moderate  limits,  a  low  temi>eraturcj  induced  bj  local 
application^^  has  l^een  found  to  diminisli  the  quantity  of  blood 
sent  to  tlie  capillaries,  and  retanl  the  circulation;  while  a 
high  temperature  increases  the  supply  of  blood  and  acceler- 
ates its  current.    The  nicchanism  of  this  is  beautifully  shown 

the  experinientB  of  Poiseuille.  This  observer  ibnnd  that 
a  piece  of  ice  wa^  applied  to  the  web  of  a  frog's  foot, 
the  mesentery  of  a  small  warui-bloodcd  animal,  or  miy  part 
in  which  the  capillary  circulation  can  be  observed^  the  quan- 
tity of  corpuscles  circulating  in  the  arterioles  became  very 
much  diminished^  "those  whicli  carried  two  or  three  rows 
of  eorpuscles  giving  passage  to  but  a  single  row."  The  cir- 
culation in  the  capillaries  first  became  slower,  and  then  en- 
tirely ceased  in  parta  On  removing  the  ice,  in  a  very  few 
minutes  the  circulation  regained  itii  former  characters. 

If,  on  the  other  hand,  the  part  be  covered  with  water  at 
104*^,  the  rapidity  of  the  current  in  the  capiUariea  is  so  much 


pecfeeL  The  moat  remarkable  case  of  ibis  kind  ta  oae  reported  bj  Dr.  HonBtoii 
III  the  Dublin  Journal  of  Medical  Scknce  (183Sj  ¥0l  i.^  p.  204),  In  tliia  ciise 
there  was  ft  perfect  tirtn^  but  two  dletmct  cords  atid  sots  of  membj-aiics.  Br. 
Uoudioti  tappooed  thiit  tbc  drculatioii  iu  tbid  m<MisLer  wna  earned  on  by  *'capil- 
larj  power^*  alone.  In  thei«  casesi,  as  haa  been  ahown  hj  Astlcy  Cooper  and 
t^Jlem^ud  i Edinburgh  Afidieal  and  Sttrffh^  Jbmmalf  IB'H^  woh  Ixil,  p^  155  d 
ieg.),  Ilicfe  ii  a  Iree  ana^tomoab  ot  tbc  ve^sc^ls  of  tbo  two  foetuses  m  tbe  placenta. 
Saniie  hmve  auppoeed,  from  the  fact  ttmt  the  v&na  of  ibe  monstei*  are  not  provided 
intb  tvlT(?ti^  tbat  m  it  Ibo  dreiiblion  U  frotB  tbe  veuia  to  tbv  atteric^,  or  is  Inverted. 
It  is  not  eiactlj  clear  bow  the  circulation  id  i^arried  on  in  an  acurdiac  foetus.  Uo- 
dimbtcdlj  the  heart  of  one  ebild  may  inQuenc>&  tbe  cirenktion  m  tbo  timbiltcal 
I'ciMia  of  tbe  other^  in  ca^eaof  iwina;  for  LaUemand  boj  observed  (&w.  cit)^  after 
Uie  birtit  of  oae  cbQd,  the  cord  baviuor  been  divided^  a  regular  pubatUo  flow  from 
Ihe  pkcentaJ  eitrcinity  of  tbo  cord,  as  from  a  divided  artery ;  but  we  find  on 
careful  e^nmination  of  iho  caao  reported  by  Dr.  Hou^toUf  and  an  article  on  tba 
I  ttJ  J^*  ^-  Calvert  Holland  {EdinfrurffA  Mtd.  and  Sur^.  Jourrmf,  loc.  eii.),  no 
idence  that  the  circulation  was  cairie^d  on  by  any  **  capiUary  power/* 
able  to  rcg^  t»  ^U  tbcao  grounds,  on  whicb  aome  bmve  based  tbcit 
'  En  tb«  eiiiienoe  of  a  force  In  the  circulation  which  is  iDdependent  of  the 
1i«ttrt^a  actum,  wc  hare  abatalned  from  their  diacussion  la  treating  of  th«  causoa 
of  the  oipillarj  drculation. 
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increasedj  that  we  can  hardly  distinguisli  tbe  form  of  the 
corpuscles.* 

Influerwe  of  Direct  Imtatmn  ujpon  the  CapiUary  Ctrcu- 
laiiofi, — Experimental  reeeai'ches  on  the  eflFecte  of  direct  irri- 
tation of  the  capillaries,  in  parts  where  the  circulatioii  can 
l>e  observed  microscopically^  have  been  quite  numerous  since 
Thompson  studied  the  effects  of  Baline  Bolutione  on  the  weh 
of  the  frog's  foot  in  181 3,*  The  most  noticeable  papers  on 
this  subject  ai*e  those  of  Dr,  Wilson  Philip '  and  Mr.  Wharton 
Jones/  The  latter  paper,  which  received  the  Astley  Cooper 
prize  for  1850 j  is  based  on  very  extended  and  carefully 
conducted  ol)servationa,  in  which  tlie  author,  by  means  of 
various  irritantSj  succeeded  in  producing  very  curious  and 
interesting  phenomena,  which  lie  regarded  as  inftammatory, 
It  is  not  our  object  to  discuBs  the  nature  of  inflammation,  or 
to  treat  of  the  changes  in  the  character  of  the  capillary  circu- 
lation which  are  supposed  to  attend  tliis  condition,  as  this 
subject  is  eminently  patliological ;  but  it  must  be  remember- 
edj  in  considering  the  effects  of  do"ect  irritation  on  the  capil- 
lary circulation,  that  the  phenomena  thus  obiscrvcd  in  cold- 
blooded animalB  cannot  bo  taken  as  ab&olutely  representing 
the  characters  of  inflammation  in  the  human  fiubject.  Wlien 
an  irritation  i&  applied  to  a  transparent  part.,  the  phenomena 
observed  may  be  due  to  many  causes,  as  the  direct  effects 
upon  the  contractile  elements  of  tlie  blood-vessels,  the  reflex 
action  through  the  nervous  system,  and  the  direct  influence 
of  the  application  upon  the  constitution  of  the  blood.  Saline 
or  other  fluids  are  competent  to  modify,  to  a  very  consider- 
able extent,  tlie  composition  of  the  blood,  separated  from  it 
only  by  the  thin,  permeable  walls  of  the  vessels ;  and  the 

*  PoigltrtLtK,  op,  eit.,  p.  158  rt  mq. 

'  TtioMt-sojs^  Lecturer  on  Ift/itmrrmiknf  Edittbiigh,  1813. 

*  MedicO'Chimr^f^l  Tramaetiona^  1823,  voU  xli. 

*  Gufa  IIo*pUqI  Eepart^^  vol.  Tii.,  19151,  On  the  State  of  the  Mmd  and  the 
JSiood-jftMfU  in  Infiofnf nation  ^  oAttrtaintd  b^  ^xptrimeiiiii^  I^leetwnf^  a§kd  Obittr^ 
vetH^t\$  h^  ihi  MieroKope^  by  T,  Wearton  Jokes,  F,  li.  i?. 
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phenomena  which  follow  their  application  are  necessarily 
very  complex.  The  process  of  inflammation  is  by  no  means 
completely  nnderstood,  but  it  is  pretty  generally  acknowl- 
edged to  be  a  modification  of  nutrition,  in  a  way  that  we  are 
as  yet  ignorant  of.  We  are  hardly  prepared  to  admit  that 
this  modification,  whatever  it  may  be,  can  be  induced  under 
our  very  eyes,  simply  by  the  application  of  irritants.  With 
these  views,  microscopic  researches  on  the  "  state  of  the  blood 
and  blood-vessels  in  inflammation "  do  not  assume  the  im- 
portance which  is  attributed  to  them  by  many  authors. 

Keeping  this  in  mind,  we  may  state  the  following  as  a 
finmmary  of  the  phenomena  which  have  been  observed  in 
the  capillary  circulation,  as  the  result  of  irritation  applied  to 
transparent  parts : 

The  application  of  the  irritant  is  immediately  followed  by 
constriction  of  the  arterioles,  and  diminution  in  the  rapidity 
of  the  current  in  them  as  well  as  in  the  capillaries. 

This  constriction  of  the  vessels  is  but  momentary,  if  a 
powerftil  irritant,  like  a  very  strong  solution  of  salt,  be  used. 
-ft;  is  followed  by  a  dilatation  of  the  vessels,  and  an  increase  in 
t^lio  rapidity  of  the  circulation. 

Soon  sdler  the  vessels  have  become  dilated,  the  rapidity 
^'^  'the  circulation  is  progressively  diminished,  until  oscillation 
^^  the  blood  in  the  vessels  takes  place,  which  occurs  when 
^l^^  circulation  is  about  to  cease.  This  oscillation  finally 
S>^V"es  place  to  complete  stagnation.  The  vessels  become 
^^Owded  with  blood,  so  that  the  transparent  layer  next 
^^^ir  walls  is  no  longer  observed.  In  this  condition,  it  has 
P^^n  often  noticed  that  the  proportion  of  colorless  corpuscles 
^^  increased. 

Following  the  contraction  and  subsequent  dilatation  of  the 

^^Bsels,  there  is  stasis,  and  engorgement  of  the  parts  which 

^^^Te  been  exposed  to  irritation.    If  the  irritation  be  discon- 

^^^ued,  this  condition  is  gradually  relieved,  and  the  blood  re- 

^Utnes  its  normal  current. 

In  infiammation,  as  it  is  observed  in  the  conjunctiva  and 
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other  vascular  parts,  there  is  unquestionably  congestion  of  the 
vessels ;  but  there  is  no  positive  evidence  of  stagnation  of 
blood  in  the  parts  as  a  constant  occurrence.  The  circula- 
tion seems,  indeed,  to  be  more  active  than  in  health.  With 
regard  to  the  microscopic  phenomena  just  mentioned,  the 
contraction  of  the  arterioles  is  simply  the  effect  of  a  stimulus 
upon  their  muscular  coats ;  and  dilatation  takes  place  prob- 
ably in  consequence  of  the  excessive  contraction,  for  it  has 
been  shown  that  this  condition  of  the  muscular  fibres  is  pretty 
constantly  followed  by  unusual  relaxation.  It  has  never  yet 
been  determined  how  far  the  stasis  of  the  blood  is  due  to  an 
osmotic  action  of  solutions  employed  in  observations  of  this 
kind. 


CHAPTER  Vni. 

CIKCULATION  OF  THB   BLOOD  IN  THE  VEINS. 

Phynological  anatomy  of  the  vein&— Strength  of  the  coats  of  the  vems — Yalves 
of  the  veins — Course  of  the  blood  in  the  veins — ^Pressure  of  blood  in  the 
veins — ^Rapidity  of  the  venous  circulation — Causes  of  the  venous  circulation — 
Influence  of  muscular  contraction — ^Air  in  the  veins — ^Function  of  the  valves — 
Venous  anastomoses — Conditions  which  impede  the  venous  circulation — Be* 
gurgitant  venous  pulse. 

Physiological  Anatomy  of  the  Veins. — The  blood,  dis- 
tribated  to  the  capillaries  of  all  the  tissues  and  organs  by  the 
arteries,  is  collected  from  these  parts  in  the  veins  and  carried 
back  to  the  heart.  In  studying  the  anatomy  of  the  capillary 
system,  or  in  observing  the  passage  of  the  blood  from  the 
capillaries  to  larger  vessels,  in  parts  of  the  living  organism 
which  can  be  submitted  to  microscopic  examination,  it  is 
seen  that  the  capillaries,  vessels  of  nearly  uniform  diameter 
and  anastomosing  in  every  direction,  give  origin,  so  to  speak, 
to  a  system  of  vessels,  which,  by  union  with  others  as  we  fol- 
low their  course,  become  larger  and  larger,  and  carry  the 
blood  away  in  a  uniform  current.  Th^e  are  called  the 
venules,  or  venous  radicles.  They  are  the  peripheral  radicles 
of  the  numerous  vessels  which  transport  the  blood,  after  it 
has  served  the  purposes  of  nutrition  or  secretion,  to  the  cen- 
tral organ. 

The  venous  system  may  be  considered,  in  general  terms, 
as  divided  into  two  sets  of  vessels :  one,  which  is  deep,  and 


S02 


CIRCULATION- 


situated  in  proximity  to  the  arteries ;  and  tlie  other,  which 
is  superficial,  and  receives  ibr  the  most  part  the  blood  from 
the  cutaneous  surface.  The  entire  capacity  of  these  vessels^ 
as  compared  with  the  artei'ies,  is  very  gi-eat.  As  a  general 
rulej  each  vein  when  Itilly  distended  is  larger  than  its  adja- 
cent artery.  Many  arteries  are  accompanied  by  two  veins, 
aa  tlie  arteries  of  the  extremities;  while  certain  of  them,  like 
the  brachial  or  spermatic,  have  more  than  two.  Added  to 
these  is  the  superficial  system  of  veins  which  have  no  corre- 
spondijig  artericB.  It  is  true  that  some  arteries  have  no  cor- 
responding veins,  but  examples  of  this  kind  are  not  sufficient- 
ly numerous  to  diminish,  in  any  marked  degree,  the  great 
preponderance  of  the  veins,  both  in  number  and  %'olume-  It 
is  impossible  t*>  give  an  accurate  estimate  of  the  exd-eme  ca- 
pacity of  the  veins  as  compared  with  tlie  arteries ;  but  from 
the  beat  information  we  have,  it  is  several  times  greater. 
Borelli  estimated  that  the  capacity  of  the  veins  was,  to  the 
capacity  of  the  arteries,  as  4  to  1 ;  and  Ilallerj  as  2i  to  1, 
The  proportion  is  very  variable  in  diflcrent  parts  of  the  body. 
In  some  situations  the  capacity  of  the  veins  and  arteries  is 
about  ecpial ;  whde  in  others,  as  in  the  pi  a  mater,  according 
to  tlie  researclies  of  Ilirschfeld,  tlie  veins  will  contain  six 
times  as  much  as  the  arteries.' 

In  attempting  to  compare  the  quantity  of  blood  normally 
circulating  in  the  veins,  with  that  contained  in  the  arteries, 
such  variations  in  the  venons  system  at  different  times  and 
in  diflerent  parts,  botli  in  the  quantity  of  blood,  rapidity  of 
circulatioa,  pressure,  etc,  are  found,  tliat  a  definite  astiniBte 
is  impossible.  It  would  be  imphUosophical  to  attempt  an 
approximate  comparison,  as  the  variations  in  the  venous  cir- 
culation constitute  one  of  its  greatest  and  most  important 
physiological  peculiarities,  which  must  he  fully  appreciated 
in  order  to  form  a  just  idea  of  the  function  of  the  veins, 

^  BtRAlu^}  Courji  dc  Ph^i^sgU^  Paris,  1855^  totDf^  m,  p,  7.  The  cinmJatioa 
in  the  eroctile  tisfliiefl  will  be  aepamtely  c^n^^idcrH^  and  no  ado&imt  ia  now  ta^mx 
of  the  relatiTe  oapucltj  of  Tdnfl  and  uTterittgi  in  t^iem. 
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The  arteries  are  always  full,  and  their  tension  is  subject  to 
comparatively  slight  variations.  Following  the  blood  into 
the  capillaries,  there  are  the  immense  variations  in  the  circu- 
lation with  varying  physiological  conditions  of  the  parts, 
which  we  have  already  noted.  As  should  naturally  be  ex- 
pected, the  condition  of  the  veins  varies  with  the  changes  in 
the  capillaries,  from  which  the  blood  is  taken.  In  addition 
to  this,  there  are  independent  variations,  as  in  the  erectile 
tissues,  in  the  veins  of  the  alimentary  canal  during  absorp- 
tion, in  veins  subject  to  pressure,  etc. 

Following  the  veins  in  their  course,  it  is  observed  that 
anastomoses  with  each  other  form  the  rule  and  not  the 
exception,  as  in  the  arteries.     There  are  always  a  number  of 
channels  by  which  the  blood  may  be  returned  from  a  part ; 
and  if  one  vessel  be  obstructed  from  any  cause,  the  current 
is  simply  diverted  into  another.    The  veins  do  not  present  a 
trae  anastomosing  plexus,  such  as  exists  in  the  capillary  sys- 
tem, but  simply  an  arrangement  by  which  the  blood  can 
easily  find  its  way  back  to  the  heart,  and  by  which  the  ves- 
sels may  accommodate  themselves  to  the  immense  variations 
in  the  quantity  of  fluid  contents  to  which  they  are  liable. 
This,  with  the  peculiar  valvular  arrangement  in  all  but  the 
Veins  of  the  cavities,  provides  against  obstruction  to  the  flow 
of  blood  through,  as  well  as  from,  the  capillaries,  in  which 
it  seems  essential  to  the  proper  nutrition  and  function  of 
parts,  that  the  quantity  and  course  of  the  blood  should  be 
i^^nlated  exclusively  through  the  arterial  system.     Special 
allusion  to  the  difterent  venous  anastomoses  belongs  to  de- 
scriptive anatomy .    Physiologically,  the  communication  be- 
tween the  different  veins  is  such  that  the  blood  can  always 
find  a  way  to  the  heart,  and  once  fairly  out  of  the  capillaries, 
it  cannot  react  and  influence  the  circulation  of  fresh  blood  in 
the  tissues. 

Collected  in  this  way  from  all  parts  of  the  body,  the  blood 
ia  returned  to  the  right  auricle,  from  the  head  and  upper 
extremities,  by  the  superior  vena  cava,  from  the  trunk  and 
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lower  exti-eniities,  by  the  inferior  Tena  cava,  and  from  tlie 

eubstanee  of  the  lieartj  by  the  coronary  veins. 

Structure  and  ProperUe^  of  the  Veifw. — The  structure  of 
the  veins  is  somewhat  more  complex  and  difficult  of  study  thau 
that  of  the  arteries.  Their  wallsj  which  are  always  mnch 
thinner  than  the  walls  of  the  arteries,  may  be  divided  into 
quite  a  number  of  layers ;  bnt  for  convenience  of  physiologi- 
cal deBcriptioUj  we  shall  regard  them  as  presenting  three  dis- 
tinct eoats.  These  have  properties  which  are  tolerably  distinc- 
ttve,  though  not  as  much  so  as  the  three  coats  of  the  arteries, 

T^e  mtern^  mat  is  a  continuation  of  the  single  coat  of 
the  capillaries  and  the  internal  cout  of  the  arteries.  It  is  a 
fiimplOj  homogeneous  membranej  somewhat  thinner  than  in 
the  arteries,  lined  by  a  delicate  layer  of  epithelium. 

The  middle  coat  is  divided  by  some  into  two  layers;  an 
internal  layer,  which  is  composed  chiefly  of  longitudinal 
fibres ;  and  an  external  layer,  in  which  the  fibres  have  a  cir- 
cular directioLj,  These  two  layers  are  intimately  adherent, 
and  are  quite  closely  attached  to  the  internal  coat.  The 
longitudinal  fibres  are  composed  of  the  white  fibrous  tissue 
mingled  with  a  largo  number  of  the  smallest  variety  of  the 
elastic  fibres.  This  layer  contains  a  large  number  of  capil- 
lary^ vessels  (i^ma  vamrum).  The  circular  fibres  are  com- 
posed of  the  elastic  tissue,  some  of  the  same  variety  bb  found 
in  the  longitudinal  layer,  some  of  medium  size,  and  some  in 
the  form  of  the  '^  fenesti^ated  membrane."  In  addition,  there 
are  white  inelastic  fibres  interlacing  in  every  direction  and 
mingled  with  capillary  blood-vessels,  and  the  unstriped  or 
involuntary  muscular  fibres,  which  are  always  circular  in 
their  direction.  The  muscular  fibres  are  relatively  much 
less  numerous  than  in  the  arterial  By  stem.  They  at©  most 
abundant  in  the  superficial  veins. 

The  ewternal  coat  is  generally  composed  simply  of  the 
white  fibrous  tissue,  like  the  corresponding  coat  of  the  arte^ 
ri^.  .  In  the  largest  veins,  particularly  those  of  the  abdominal 
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cavity,  this  coat  contains  a  layer  of  longitudinal  nnstriped 

ninBcnlar  fibres.    In  the  veins  near  the  heart,  are  found  a  few 

striated  fibres,  which  are  continued  on  to  the  veins  from  the 

auricles.    In  some  of  the  inferior  animals,  as  the  turtle,  these 

iSbres  are  quite  thick,  and  pulsation  of  the  veins  in  the  imme- 

cliate  vicinity  of  the  heart  is  very  marked. 

In  nearly  all  veins,  the  external  coat  is  several  times 
"tliicker  than  the  internal.  This  is  most  marked  in  the  larger 
^^eiiis,  in  which  the  middle  coat,  particularly  the  layer  of 
xziiificular  fibres,  is  very  slightly  developed. 

In  what  are  called  the  venous  sinuses,  and  in  the  veins 
"^hich  pass  through  bony  tissue,  we  have  only  the  internal 
<5oa.t,  to  which  are  superadded  a  few  longitudinal  fibres,  the 
^^^liole  closely  attached  to  the  surrounding  parts.  As  exam- 
I>les  of  this,  may  be  mentioned  the  sinuses  of  the  dura  mater, 
^-i^d  the  veins  of  the  large  bones  of  the  skull.  In  the  first  in- 
^'^^nce,  there  is  little  more  than  the  internal  coat  of  the  vein 
^fijTnly  attached  to  the  surrounding  layers  of  the  dura  mater. 
-*-*^  the  second  instance,  the  same  thin  membrane  is  adherent 
^'^  bony  canals  formed  by  a  layer  of  conipact  tissue.  The 
"^^Ins  are  much  more  closely  adherent  to  the  surrounding  tis- 
^^©6  than  the  arteries,  particularly  when  they  pass  between 
^^yers  of  aponeurosis.  This  fact  has  been  pointed  out  by 
--^^rard  *  as  very  general,  and  is  one  to  which  he  attaches 
^^^>iisiderable  physiological  importance.  He  considers  that 
**is  arrangement  serves  to  keep  the  veins  open  and  give 
^^etn  additional  strength. 

The  above  peculiarities  in  the  anatomy  of  the  veins  indi- 

^^^t^  considerable  differences  in  their  properties,  as  compared 

^^Hh  the  arteries.    When  a  vein  is  cut  across,  its  walls  fall 

^^^gether,  if  not  supported  by  adhesions  to  surrounding  tis- 

^"^^  so  that  its  caliber  is  nearly  or  quite  obliterated.     The 

3^^11ow  elastic  tissue,  which  gives  to  the  larger  arteries  their 

S^at  thickness,  is  very  scanty  in  the  veins,  and  the  thin 

k         '^alls  collapse  when  not  sustained  by  liquid  in  the  interior  of 

%  '  Op.  eit.^  tome  iv.,  p.  9. 
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the  Tesaels,  Whenever  the  veinB  remain  open  after  section, 
it  is  on  accoant  of  their  attachment  to  surrounding  tissues, 
and  is  not  due  to  the  walls  of  the  vessels  themselves. 

Though  with  nmeh  thinner  and  apparently  much  weater 
walls^  tlic  veins,  as  a  nde,  wiU  resist  a  greater  pressnre  than 
the  arteries.  Observations  on  the  relative  strength  of  the 
arteries  and  veins  were  made  by  HaJe^,'  but  the  most  e3£- 
tended  experiments  on  the  subject  were  made  bj  Clifton 
Wintringhanij  in  1740/  This  observer  ascertained  that  the 
inferior  vena  cava  of  a  sheep,  just  above  the  opening  of 
the  renal  veins,  was  ruptured  bj  a  pressure  of  1T6  ]>ounds, 
while  the  aorta  at  a  corresponding  point  yielded  to  a  pressure 
of  158  pounds.  The  strength  of  the  portal  vein  was  even 
greater,  supporting  a  pressnre  of  nearly  5  atmospheres,  bear- 
ing a  relation  to  the  vena  cava  of  6  to  5  ;  yet  these  vessels 
had  hardly  one-fifth  the  thickness  of  the  arteries.  In  the 
lower  extremities  in  the  human  subject,  the  vehis  ai*e  much^J 
thicker  and  stronger  than  in  other  situations,  a  provistool^l 
against  the  increased  pressure  to  which  they  are  habitually 
subjected  in  the  upright  posture,  Wintringham  noticed  one 
singular  exc^eption  to  the  general  rule  jnst  given.  In  the 
vessels  of  the  glands,  and  of  the  spleen^  the  strength  of  the 
arteries  was  much  greater  than  that  of  the  veins.  The  splenic 
vein  gave  way  under  a  pressure  of  little  more  than  one  atmos- 
phere, while  the  artery  supported  a  pressure  of  more  than 
six  atmospheres » 

A  little  reflection  on  the  influences  to  which  the  venous 
and  arterial  circulation  are  subject  will  enable  us  to  under- 
stand the  physiological  importance  of  the  great  difference  in 
the  tenacity  of  the  two  varieties  of  vessek.  It  is  true  that  in 
the  arterial  system  the  constant  pressure  is  greater  than  in 

^  Staiical  EsAayiy  toL  IL,  p.  Ifii  «f  Mtq.  These  obsentttiona  ar^  not  ^try  sat- 
li&olor;.  In  a  cab«  wbere  the  strength  of  the  carodd  and  jugular  were  com* 
pMf«d^  in  a  mare^  thi*  carotid  gixstaiuc'd  the  greo^tcr  preaaure ;  bul  it  is  slated  that 
Ihe  jugular  bftd  been  weakened  by  icpeated  V(!jie^« lions, 

^  BkrxbiJi  cp.  cU.^  tome  iv^.,  p*  *24  rf  *fy. 
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the  veins ;  but  it  is  nearly  the  same  in  all  the  vessels,  and 
the  immense  extent  of  the  outlet  into  the  capillaries  provides 
against  any  very  great  increase  in  pressure,  so  long  as  the 
blood  is  in  a  condition  which  enables  it  to  psiss  into  the  ca- 
pillaries.   The  muscular  fibres  of  the  left  ventricle  have  but 
a  limited  power,  and  when  the  pressure  in  the  arteries  is 
sach,  as  it  sometimes  is  in  asphyxia,  as  to  close  the  aortic 
valves  so  firmly  that  the  force  of  the  ventricle  will  not  open 
tliem,  it  cannot  be  increased.     At  the  same  time  it  is  being 
gradually  relieved  by  the  capillaries,  through  which  the  blood 
slowly  filters,  even  when  completely  unaerated.     With  the 
^veins  it  is  different.     The  blood  has  a  comparatively  restrict- 
ed outlet  at  the  heart,  and  is  received  by  the  capillaries  from 
all  parts  of  the  system.     The  vessels  are  provided  with  nu- 
inerous  valves,  which  render  a  general  backward  action  im- 
poeaible.     Thus,  restricted  portions  of  the  venous  system, 
fix>m  pressure  in  the  vessels,  increase  of  fluid  from  absorption, 
accumulation  by  force  of  gravity,  and  other  causes,  may  be 
sutjected  to  great  and  sudden  variations  in  pressure.     The 
ST'^^t  strength  of  these  vessels  enables  them  ordinarily  to 
^xtffer  these  variations  without  injury ;  though  varicose  veins 
i«i   various  parts  present  examples  of  the  effects  of  repeated 
^tid  continued  distention. 

The  veins  possess  a  considerable  degree  of  elasticity, 
"^liough  this  property  is  not  as  marked  as  it  is  in  the  arteries. 
-*-^  "we  include  between  two  ligatures  a  portion  of  a  vein  dis- 
*^nded  with  blood,  and  make  a  small  opening  in  the  vessel, 
"^^l^e  blood  will  be  ejected  with  some  force,  and  the  vessel  be- 
^^txiee  very  much  reduced  in  caliber. 

It  has  been  proven  by  direct  experiment  that  the  veins 

^^*^  endowed  with  that  peculiar  contractility  which  is  cbar- 

^teristic  of  the  action  of  the  unstriped  muscular  fibres.     On 

^^6  application  of  galvanic  or  mechanical  excitation,  they 

^ntract  slowly  and  gradually,  the  contraction  being  followed 

^y  a  correspondingly  gradual  relaxation.    There  is  never  any 

Rythmical  or  peristaltic  movement  in  the  veins,  which  is 
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competcTitto  assist  the  circulation;*  The  only  regular  move- 
ments which  occur  are  seen  in  theTessek  in  iinmediate  prox- 
imity to  the  right  auricle,  which  are  provided  with  a  few 
fibres  Bimilar  to  those  whieh  exist  in  the  walla  of  the  heart. 

I^^erveSj  chiefly  from  the  6yni]>athetic  system,  have  l>een 
demonstrated  in  the  walle  of  the  lai^er  veius^  but  have  not 
been  followed  out  to  the  emaller  ramiiications. 

Valmes  of  the  Veins, — The  discovery  of  the  valves  of  the 
veins  has  already  been  alluded  to  in  connection  with  the  his- 
tory of  the  discovery  of  the  circulation.  They  had  undoubt- 
edly been  observed  in  variotis  parts  of  the  venous  system  by 
Cananius,  and  found  very  generally  distributed  throughout 
this  Byt^teni  by  Piccolomini,  the  Ja&t  nanied  anatonii&t  having 
published  an  account  of  them  in  15S6;  but  Fabricius,  the 
greatest  anatomist  of  hi^  day,  had  the  good  fortune  to  dem- 
onstrate them  to  his  illustriouft  pupil  William  Hai^vey, 
whose  immortal  discovery  indicated  their  physiological  im- 
portance. Being  ignorant  of  the  observations  of  his  pred©-  ^M 
cessors  on  this  subject,  Fahricius  announced  himself  as  their  ^H 
discoverer,  and  is  generally  so  regarded.  In  all  pai*ta  of  the 
venous  system,  except,  in  general  terms,  in  the  abdominal, 
thoracic,  and  cerebral  cavities,  there  exist  little  membranous 
semilunar  Iblds^  resembling  the  aortic  and  pulmonic  valves  of 
the  heart-  When  distended,  the  convexities  of  these  valves 
look  toward  the  periphery.  In  tlie  great  majority  of  instancjes 
the  valves  exist  in  pairs,  but  are  occasionally  found  in  groui>s 
of  three.  They  ai^e  formed  of  the  delicate  hning  membrane 
of  the  veins,  with  the  internal  or  longitudinal  layer  of  the 
middle  coat.  Some  transverse  fibres  are  found  around  the 
base  of  the  ralves,  and  a  few  muscular  fibres  have  beei 

*  TbU  i$tEit<?m(.'iit  ap|jli(^d  partkukrlj  to  ik(}  Lumati  subject.  Scliiff  ha»  tioliccd 
rhythmical  <!ontractiqni  of  the  yelng  iti  the  car  of  a  rabbit  (Uynawt^  Tntiti  de 
Fh^oto^it,  P&ridf  186  If  tome  L,  p.  StC)^  and  Mr.  W  barton  J  onus  has  obsLTvvd 
ttae  flame  uhenomcnon  in  the  wing  of  the  bat  (ToDJi  and  BownAJf,  Fhyaiotoi^ad 
Anjaiomji,  Am.  eel.  1857^  p.  tOS^  note)*  There  is  no  eTlden(?e  tbit  this  is  general,  j 
or  that  It  haa  aaj  influenee  in  h\m  of  the  drcttlftUon. 
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tixaced  into  their  folds.    There  exists,  also,  a  fibrous  ring  fol- 
lowing the  line  of  attachment  of  the  valvular  curtains  to  the 
vein,  which  renders  the  vessel  much  stronger  and  less  dilata- 
l>le  here  than  in  the  spaces  between  the  valves.    The  valves 
wure  by  fer  the  most  numerous  in  tlie  veins  of  the  lower  ex- 
*t:LTemities.     They  are  generally  situated  just  below  the  point 
^^here  a  small  vein  empties  into  one  of  larger  size,  so  that  the 
l>lood,  as  it  passes  in,  finds  an  immediate  obstacle  to  passage 
ixi  tlie  wrong  direction.     The  situation  of  the  valves  may  be 
xrteadily  observed  in  any  of  the  superficial  veins.     If  the  flow 
o-f  blood  be  obstructed,  little  knots  will  be  formed  in  the  con- 
gested vessels,  which  indicate  the  position  and  action  of  the 
"v^ves.     The  simple  experiment  of  Harvey,  already  referred 
txy^  presents  a  striking  illustration  of  the  action  of  the  valves. 
When  the  vein  is  thus  congested  and  knotted,  if  the  finger  be 
pvessed  along  the  vessel  in  the  direction  of  the  blood  current,  a 
I>ortion  situated  between  two  valves  may  be  emptied  of  blood ; 
b'ut  it  is  impossible  to  empty  any  portion  of  the  vessel  by 
I>xe66ing  the  blood  in  the  opposite  direction.     On  slitting 
open  a  vein,  we  observe  the  shape,  attachment,  and  extreme 
cl^licacy  of  structure  of  the  valves.    When  the  vessel  is 
^xnpty,  or  when  fluid  moves  toward  the  heart,  they  are  closely 
Applied  to  the  walls ;  but  if  liquid  or  air  be  forced  in  the 
opposite  direction,  they  project  into  its  caliber,  and  by  the 
application  Of  their  free  edges  to  each  other,  effectually  pre- 
^v-ont  any  backward  current.    Fabricius  noted  the  following 
'pocaliarity  in  the  arrangement  of  the  valves.    When  closed, 
tile  application  of  their  free  edges  forms  a  line  which  runs 
A.OTOS8  the  vessel ;  it  is  found  that  in  successive  sets  of  valves 
tliese  lines  are  at  right  angles  to  each  other,  so  that  if  in  one 
«et,  this  line  has  a  direction  from  before  backwards,  in  the 
^ets  above  and  below  the  lines  run  from  side  to  side. 

There  are  certain  exceptions  to  the  general  proposition 

that  the  veins  of  the  great  cavities  are  not  provided  with 

Valves,    Valves  are  foimd  in  the  portal  system  of  some  of 

the  inferior  animals,  as  the  horse.     They  do  not  exist,  how- 
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ever,  in  this  situation  in  the  human  subject.  Generally,  in 
following  out  the  branches  of  the  inferior  vena  cava,  no 
valves  are  found  until  we  come  to  the  crural  vein ;  but  occa- 
sionally there  is  a  double  valve  at  the  origin  of  the  external 
iliac.  In  some  of  the  inferior  animals,  there  exists  constantly 
a  single  valvular  fold  in  the  vena  cava  at  the  openings  of  the 
hepatic,  and  one  at  the  opening  of  the  renal  vein.  This  is 
not  constant  in  the  human  subject.*  Valves  are  found  in  the 
spermatic,  but  not  in  the  ovarian  veins.  A  single  valvular 
fold  has  been  described  by  Dr.  J.  H.  Brinton,  at  the  opening 
of  the  right  spermatic  into  the  vena  cava.'  There  are  two 
valves  in  the  azygos  vein  near  its  opening  into  the  superior 
vena  cava.  There  is  a  single  valve  at  the  orifice  of  the 
coronary  vein.  There  are  no  valves  at  the  openings  of  the 
brachio-cephalic  into  the  superior  vena  cava ;  but  thei-e  is  a 
strong  double  valve  at  the  point  where  the  internal  jugular 
opens  into  the  brachio-cephalic.  Between  this  point  and  the 
capillaries  of  the  brain,  the  vessels  are  entirely  deprived  of 
valves,  except  in  very  rare  instances,  when  one  or  two  are 
found  in  the  course  of  the  jugular. 

In  addition  to  the  double,  or  more  rarely  triple,  valves 
which  have  just  been  described,  there  is  another  variety, 
found  in  certain  parts,  at  the  point  where  a  tributary  vein 
opens  into  a  main  trunk.  This  consists  of  a  single  fold  which 
is  attached  to  the  smaller  vessel,  but  projects  into  the  larger. 
Its  action  is  to  prevent  regurgitation,  by  the  same  mechanism 
as  the  ileo-caecal  valve  prevents  the  passage  of  matter  from 
the  large  into  the  small  intestine.  These  valves  are  much 
less  numerous  than  the  first  variety. 

*  Dr.  Crisp,  of  England,  has  described  valves  in  the  splenic  veins  in  some  of 
the  inferior  animals.  In  one  of  the  mesenteric  veins  of  the  reindeer,  he  showed 
forty-two  pairs  of  valves  {N^ew  York  Medical  Journal^  April,  1865,  p.  67). 

'  Description  of  a  Valve  at  the  Termination  of  the  Right  Spermatic  Vein 
in  the  Vena  Cava^  with  Remarks  on  its  Relations  to  Varicocele.  By  John  H. 
Brinton,  M.  D.  American  Journal  of  the  Medical  Sciences^  July,  1866.  The 
presence  of  this  valve,  according  to  Dr.  Brinton,  explains  the  more  frequent  oc- 
currence of  varicocele  on  the  right  side. 
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The  veins  form  a  system  which  is  adapted  to  the  re- 
turn of  blood  to  the  heart  in  a  comparatively  slow  and 
unequal  current.  Distention  of  certain  portions  is  pro- 
vided for;  and  the  vessels  are  so  protected  Tvith  valves, 
tliat  whatever  influences  the  current  must  favor  its  flow  in 
the  direction  of  the  heart.  It  is  a  system  which  is  cal- 
culated to  receive  the  blood  from  the  parts  after  it  has 
become  unfit  for  nutrition,  and  pass  it  in  the  requisite 
quantity  to  the  lungs,  through  the  right  side  of  the  heart, 
for  r^eneration. 

Course  of  the  Blood  in  the  Veins. — The  experiments  of 
Hales  and  Sharpey,  showing  that  defibrinated  blood  can  be 
made  to  pass  from  the  arteries  into  the  capillaries  and  out  at 
the  veins  by  a  pressure  less  than  that  which  exists  in  the 
arterial  system,  and  the  observations  of  Magendie  upon  the 
circulation  in  the  leg  of  a  living  dog,  showing  that  ligation 
of  the  artery  arrests  the  flow  in  the  vein,  points  which  have 
already  been  fully  discussed  in  treating  of  the  causes  of  the 
capillary  circulation,  have  established,  beyond  question,  the 
fiict  tliat  the  force  exerted  by  the  left  ventricle  is  suflScient  to 
account  for  the  venous  circulation.  Tlie  heart  must  be  con- 
Bidered  the  prime  cause  of  all  movement  in  these  vessels. 
Hegarding  this  as  definitely  ascertained,  there  remain  to  con- 
aider,  in  the  study  of  the  course  of  the  blood  in  the  veins,  the 
character  of  the  current,  the  influence  of  the  vessels  them- 
selves, and  the  question  of  the  existence  of  forces  which  may 
assist  the  vis  a  tergo  from  the  heart,  and  circumstances  which 
ttiaj  interfere  with  the  flow  of  blood. 

As  a  rule,  in  the  normal  circulation,  the  flow  of  blood  in 

the  veins  is  continuous.     The  intermittent  impulse  of  the 

heart,  which  progressively  diminishes  as  we  recede  from  this 

organ,  but  is  still  felt  even  in  the  smallest  arteries,  is  lost,  as 

we  have  seen,  in  the  capillaries.     Here,  for  the  first  time,  the 

blood  moves  in  a  constant  current ;  and  as  the  pressure  in  the 

arteries  is  continually  supplying  fresh  blood,  that  which  has 
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circulated  in  tlie  capillaries  h  forced  into  tlie  renous  radicles 
in  a  stead  J  stream.  As  the  supplj  to  the  capillaries  of  d  liter' 
ent  ptifts  13  regulated  by  the  aetion  of  the  Rniall  arteries^  and 
an  this  supply  19  subject  to  ^reat  variarions,  there  must  neces- 
Barilj  he  coiTesponding  Yariations  in  the  intensity  of  the 
current  in  the  veins,  and  the  quantity  of  blood  wliich  these 
vessels  receive,  A3  we  should  anticipate,  then,  the  venous 
circulation  k  sulvjeet  to  very  great  variations  arising  troin  ir* 
regularity  in  the  supply  of  blood,  aside  from  any  action  of 
the  vessels  themselves,  or  any  external  disturbing  inflneuoes* 
A  great  variation  in  the  veiioas  current  Js  obiierved  in  the 
veins  wliich  collect  the  blood  from  the  intestinal  canaL 
During  the  intervals  of  digestion,  these  vessels  earry  a  com — 
paratively  small  quantity  of  blood;  but  during  digestion^^ 
they  are  laden  with  the  fluids  received  by  at>sorption,  and  tiie 
quantity  is  immensely  increased* 

It  often  happens  that  a  vein  becomes  obstructed  fron^ 
some  cause  which  h  entirely  pliysiological,  as  the  action  ot 
muscles.  The  immense  nmnlxT  of  veins,  as  compared  witL 
the  artericBj  and  their  free  communications  with  each  other 
provide  that  the  corrent,  under  these  circumstances^  i^  sini^ 
plj  diverted,  pasBttig  to  tlm  heart  by  another  ehamieL  When 
any  part  of  the  venous  system  is. distended,  the  vessels  reac^ 
on  the  bloody  and  exert  a  certain  influence  on  the  current: 
always  pressing  it  toward  the  heartj  for  the  valves  oppose  th^ 
flow  in  the  opposite  direction. 

The  intermittent  action  of  the  heart,  which  pervades  th 
whole  arterial  system,  is  generally  absorbed^  as  it  were^  iir 
the  passage  of  the  blood  through  tlie  capillaries;  but  when 
the  arterioles  of  any  part  are  very  much  relaxed,  the  impulse 
of  the  central  organ  may  extend  to  the  veinsi  Bernard  ha 
shown  this  in  the  most  striking  manner,  in  his  well-kiufflT 
experiments  on  the  circulation  hi  the  glands;-  When  th^ 
glands  are  in  physiological  activity,  the  quantity  of  bk 
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which  they  receive  is  very  much  increased.     It  is  then  fur- 
nished to  supply  material  for  the  secretion,  and  not  exclu- 
sively for  nutrition.    If  the  vein  be  opened  at  such  a  time,  it 
is  found  fhat  the  blood  has  not  lost  its  arterial  character,  that 
the  quantity  which  escapes  is  much  increased,  and  the  flow 
is  in  an  intermittent  jet,  as  from  a  divided  artery.     This  is 
due  to  the  relaxed  condition  of  the  arterioles  of  the  part,  and 
the  phenomenon  thus  observed  is  the  true  venous  pulse. 
What  thus  occurs  in  a  restricted  portion  of  the  circulatory 
system  may  take  place  in  all  the  veins,  though  in  a  less 
marked  d^ree.    Physicians  have  frequently  noticed,  after 
tlie  blood  has  been  flowing  for  some  time,  in  the  operation  of 
venesection,  that  the  color  changes  from  black  to  red,  and 
tlie  stream  becomes  intermittent,  often  leading  the  operator 
to  fear  that  he  has  pricked  the  artery.     In  all  probability 
t:Iie  phenomenon  is  due  to  the  relaxation  of  the  arterioles,  as 
one  of  the  effects  of  abstraction  of  blood,  producing  the 
S£une  condition  that  has  been  noted  in  some  of  the  glands 
<3 Tiring  their  functional  activity.     The  hj-pothesis  that  it  is 
<i"iie  to  an  impulse  from  the  adjacent  artery  is  not  admissible. 
lE^cept  in  the  veins  near  the  heart,  any  pulsation  which  oc- 
csTxrs  is  to  be  attributed  to  the  force  of  the  heart,  transmitted 
"'^^rith  unusual  facility  through  the  capillary  system.    A  nearly 
^ixiiform  current,  however,  is  the  rule,  and  a  marked  pulsation 
"•^l^^  rare  exception.     Mr.  T.  M.  King,  in  an  article  on  the 
**  Safety-Valve  of  the  Human  Heart,"  *  discussing  the  forces 
"^^tich  concur  to  produce  the  venous  circulation,  mentions 
'^Ixc  fact  that  in  some  individuals,  after  a  full  meal,  pulsation 
^^^^TLbe  observed  in  the  veins  of  the  hand  or  the  median  veins 
^^"f  the  forehead.     This  phenomenon  is  very  delicate,  and,  to 
^^€ie  it  more  apparent,  he  employed  a  thread  of  black  seal- 
^^^g  wax  about  two  inches  long,  which  was  fixed  across  the 
"^^in  of  the  back  of  the  hand  with  a  little  tallow,  so  as  to 
*^ake  a  long  and  excessively  light  lever,  capable  of  indicating 
^  Very  slight  movement  in  the  vessel.     In  this  way  he  dem- 

»  Ouy'%  Hospital  RcporU,  1887. 
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onstrated  pnlsatioii  in  tie  veins  of  the  band,  and  also  m 
the  ami,  loot,  and  leg.  These  movement's  are  very  t^Hghtj 
and  are  generally  only  appreciable  by  some  encb  deHeate 
means  of  investigation.  This  is  a  strong  argument  in  oppo- 
sition to  the  opinion  of  those  who  regard  the  action  of  the 
heart  a^  inoperative  in  the  veins.  In  certain  eases  of  disease^ 
Mr*  King  has  noted  very  marked  pulsation  in  the  veins  at 
the  back  of  the  hand,  and  other  vessels  fai-  removed  from 
the  heai't. 

Prmmre  of  Blood  in  the  Veins. — The  pressure  in  the 
veins  is  always  much  less  than  in  the  arteries.  It  is  exceed- 
ingly variable  in  different  parts  of  the  venons  system^  and  in 
the  same  part  at  difterent  times.  As  a  rule,  it  is  in  in^f  ei^e 
ratio  to  the  arterial  pressure*  'WTiatever  tavors  the  passage 
of  blood  from  th^  arteries  into  the  capillari^  has  a  tendency 
to  diminish  the  arterial  pressure ;  and,  as  it  increases  the 
quantity  of  blood  whieh  passes  into  the  veins,  must  increase 
the  venous  pressum*  The  great  capacity  of  tlie  venous  sys- 
teraj  its  numerous  anastomoses,  the  presence  of  valvesi  wlueh 
may  shut  ofl'  a  portion  from  the  rest,  are  eireumstanees  wbieh 
involve  great  variations  in  preasui^e  in  diflei'ent  vessels.  It 
has  been  ascertained  by  Volkmaunj  and  this  has  been  con* 
firmed  by  others,  that  as  a  rule  the  pressure  is  diminished  as 
we  pass  from  the  periphery  toward  the  Iieart,  In  an  obser^ 
vation  on  the  calf,  he  found  that  \vith  a  pressure  of  about  6'5 
inches  of  mercury  in  tlie  carotid,  the  pressure  in  the  ineta- 
tarsal  vein  was  1*1  inch,  and  l>ut  0%?6  in  the  jugular, ■  The 
pressure  is,  of  course^  subject  to  ceitain  variations.  Mnscnlar 
effort  has  a  marked  influence  on  the  force  of  the  circulation 
in  certain  veins,  and,  consequently,  in  these  vessels  produce*  i 
an  elevation  in  tlie  pressure.  As  the  reduced  pressure  in  the 
veins  is  due  in  a  measure  to  the  great  relative  capacity  of 
the  venous  systentj  and  the  free  communications  between  the 
vessels,  it  would  seem  that  if  it  were  possible  to  reduce  the 

'  MiLNK-EDWABDa,  LcfonM  «ir  la  i%(»(?%i>,  Puria^  1859,  tome  ir,^  p,  32?, 


CAUSES  OF  THE  VEXOUS  CIRCULATION.  315 

capacity  of  the  veins  in  a  part,  and  force  all  the  blood  to 
pass  to  the  heart  by  a  single  vessel  corresponding  to  the  ar- 
tery, the  pressure  in  this  vessel  should  be  greatly  increased. 
Poiseuille  has  shown  this  to  be  the  fact  by  the  experiment  of 
ligating  all  the  veins  coming  from  a  part,  except  one,  which 
had  the  volume  of  the  artery  by  which  the  blood  was  sup- 
plied, forcing  all  the  blood  to  return  by  this  single  channel. 
Tliis  being  done,  he  found  the  pressure  in  the  vein  immensely 
increased,  becoming  nearly  equal  to  that  in  the  arterj'.* 

Hapidity  of  the  Venous  Oireulation,— -It  is  impossible  to 
fix  upon  any  definite  rate  as  representing  the  rapidity  of  the 
current  of  blood  in  the  veins.  It  will  be  seen  that  various 
circumstances  are  capable  of  increasing  very  considerably  the 
rapidity  of  the  flow  in  certain  veins,  and  that  under  certain  con- 
ditions the  current  in  some  parts  of  the  venous  system  is  very 
much  retarded.  Undoubtedly  the  general  movement  of  blood 
in  the  veins  is  very  much  slower  than  in  the  arteries,  from 
tte  fact  that  the  quantity  of  blood  is  greater.  If  it  be  as- 
snmed  that  the  quantity  of  blood  in  the  veins  is  double  that 
ooutained  in  the  arteries,  the  general  average  of  the  current 
'^rould  be  diminished  one-half.  As  we  near  the  heart,  how- 
o^er,  the  flow  becomes  more  uniform,  and  progressively  in- 
c^reases  in  rapidity. 

As  the  effect  of  the  heart's  action  upon  the  venous  circu- 
lation is  subject  to  so  many  modifying  influences  through  the 
Bxnall  arteries  and  capillaries,  and  as  there  are  other  forces 
ixiflluencing  the  current,  which  are  by  no  means  uniform  in 
their  action,  with  our  present  knowledge,  estimates  of  the 
S^neral  rapidity  of  the  venous  circulation,  or  the  variations 
in.  different  vessels,  would  be  founded  on  mere  speculations. 

Cavses  of  the  Yenons  Circulation, 

In  the  veins,  the  blood  is  farthest  removed  from  the  influ- 
ence of  the  contractions  of  the  left  ventricle;  and  though 

*  Bebabd,  (7a«r«  de  Physioloffie,  Parip,  1855,  tome  iv.,  p.  21. 
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these  are  feltj  there  are  many  other  causes  wbicli  corabiDe  to 
carry  on  the  circalationj  and  many  influences  by  which  it  is 
retarded  or  obstructed. 

The  great  and  uniform  force  which  operates  on  the  circu- 
lation in  tiiese  vessels  is  the  tm  a  terffo,  We  have  repeate<]lv 
relerred  to  the  entire  adequacy  of  tJie  arterial  pressure,  prop- 
agated through  the  eapillarfes,  to  account  for  the  movement  of 
blood  in  the  veinB,  provided  there  be  no  very  great  obstacles 
to  the  current  There  are  no  facts  wliich  lead  us  to  doubt  tlie 
operation  of  this  force  as  the  prime  cause  of  tlie  venous  circula- 
tion ;  and  the  only  questicm  which  an&es  is  whether  there  be 
any  force  exerted  in  the  capillaries  tiiemselves  winch  is  super- 
added to  the  force  of  the  heart.  In  dlseussiug  the  capillary 
circulation,  there  has  been  found  no  direct  proof  of  the  exist- 
ence of  a  distinct  '*  capillary  power"  iuflueucing  the  move- 
ment of  blood  in  these  vessels  ;  and  consequently  all  the  ms 
a  tergo  operating  on  tlie  circulation  in  the  veins  must  be 
attributed  to  the  action  of  the  left  ventricle. 

The  other  forces  which  concur  to  produce  movement  of 
blootl  in  the  veins  ai^ : 

1,  Muscidar  action,  by  which  many  of  the  veins  are  at 
times  comprcssedj  thus  forcing  the  blood  toward  the  lieart, 
regurgitation  being  prevented  by  the  action  of  the  valves, 

2,  A  suction  force  exerted  by  the  action  of  the  thorax  in 
respiration  J  operating,  howeverj  only  on  the  veins  in  the 
immediate  neighborhood  of  the  chest. 

3.  A  possible  induence  in  the  contraction  of  the  coats  of 
the  vessels  themselves.  Tliis  is  marked  in  the  veins  near  the 
hearty  in  some  of  the  inferior  animals. 

4.  The  force  of  gravity,  which  operate  only  on  vessels 
which  carry  blood  from  above  downward  to  the  heart ;  and 
a  little  suction  tbrce  wliich  may  be  exerted  upon  the  blood  in 
a  small  vein  as  it  passes  into  a  larger  vessel  in  winch  the 
current  is  more  rapid, 

The  obstacles  to  the  venous  circulation  arc:  Pressure 
sufficient  to  obliterate  the  caliber  of  a  vessel,  when,  from  the 
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free  communication  with  otlier  vessels,  the  current  is  simply 
diverted  into  another  channel ;  the  expulsive  efforts  of  res- 
piration ;  the  contractions  of  the  right  side  of  the  heart ;  and 
the  force  of  gravity,  which  operates,  in  the  erect  posture,  on 
the  current  in  all  excepting  the  veins  of  the  head,  neck,  and 
parts  of  the  trunk  above  the  heart. 

Injhience  of  MusaulaT  Cont/raction. — That  the  action  of 
muflcles  has  a  considerable  influence  on  the  current  of  blood 
in  the  veins  situated  between  them,  and  in  their  substance,  has 
long  been  recognized.     It  is  exemplified  in  the  operation  of 
venesection,  when  it  is  well  known  that  the  jet  from  the  vein 
may  be  very  much  increased  in  force  by  contraction  of  the 
muscles  below  the  opening.     This  action  is  so  marked,  that 
the  parts  of  the  venous  system  which  are  situated  in  the  sub- 
stance of  muscles  have  been  compared  by  Chassaignac  to  a 
BpoDge  full  of  liquid,  vigorously  pressed  by  the  hand.*     It 
xnust   always  be  remembered,   however,   that    though    the 
ixiuBcles  are  capable  of  acting  on  the  blood  contained  in  veins 
in  their  substance  with  great  vigor,  the  heart  is  fully  capable 
of  producing  the  venous  circulation  without  their  aid ;  a  fact 
"^^hich  is  exemplified  in  a  striking  manner  in  the  venous  cir- 
culation in  paralyzed  parts. 

It  has  been  shown  by  actual  observations  with  the  hemo- 

^ijnamometer,  that  muscular  action  is  capable  of  immensely 

increasing  the  pressure  in  certain  veins.     The  first  definite 

Experiments  on  this  subject  were  made  by  Magendie,  who 

allowed  a  pressure  of  over  two  inches  of  mercury  produced 

l>y  a  general  muscular  contraction,  on  the  passage  of  a  gal- 

'Vanic  current  from  a  needle  plunged  into  the  cervical  region 

of  the  spinal  marrow  to  one  fixed  in  the  muscles  of  the  thigh.' 

The  experiments  of  Bernard  have  shown  this  more  accurately. 

XhiB  physiologist  found  that  the  pressure  in  the  jugular  of  a 

horse,  in  repose,  was  1*4  inch ;  but  the  action  of  the  muscles  in 

*  B^RAKD,  op.  dty  tome  iv.,  p.  57. 

•  Haoemdie,  Phenomhies  Physiques  de  la  Fie,  Paris,  1842,  tome  ill,  p.  168. 
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raising  the  bead  increased  it  to  a  little  more  than  five  inches, 
or  nearly  four  times.*  These  observations  show  at  once  the 
great  variations  in  the  venous  current,  and  the  important 
influence  of  muscular  contraction  on  the  circulation. 

In  order  that  contractions  of  muscles  shall  assist  the 
venous  circulation,  two  things  are  necessary : 

1.  The  contraction  must  be  intermittent.  This  is  always 
the  case  in  the  voluntary  muscles.  It  is  a  view  entertained 
by  many  that  each  muscular  fibre  relaxes  immediately  after 
its  contraction,  which  is  instantaneous,  and  that  a  certain 
period  of  repose  is  necessary  before  it  can  contract  again. 
However  this  may  be,  it  is  well  known  that  all  active  mus- 
cular contraction,  as  distinguished  from  the  efforts  necessary 
to  maintain  the  body  in  certain  ordinary  positions,  is  inter- 
mittent, and  not  very  prolonged.  Thus  the  veins,  which  are 
partly  emptied  by  the  compression,  are  filled  again  during 
the  repose  of  the  muscle. 

2.  There  should  be  no  possibility  of  a  retrograde  move- 
ment of  the  blood.  This  condition  is  fulfilled  by  the  action 
of  the  valves.  Anatomical  researches  have  shown  that  these 
valves  are  most  abundant  in  veins  situated  in  the  substance 
of  or  between  the  muscles,  and  that  they  do  not  exist  in  the 
veins  of  the  cavities,  which  are  not  subject  to  the  same  kind 
of  compression.  It  is  thus  that  the  blood  is  prevented  from 
passing  backward  toAvard  the  capillary  system ;  and  when 
the  caliber  of  a  vein  is  reduced  by  compression,  part  of  its 
contents  must  be  forced  toward  the  heart.  This  action  of 
the  valves  constitutes  their  most  important  function. 

Milne-Edwards  alludes  to  an  important  physiological 
bearing  of  the  acceleration  of  the  venous  circulation  by  con- 
tractions of  muscles,  on  their  nutrition.^  It  is  apparently 
necessary  that  the  supply  of  blood  should  be  increased  in  a 
muscle,  in  proportion  to  and  during  its  activity ;  for  at  that 

*  Bernard,  Lefons  sur  la  Physiologie  et  la  Pathologie  du  St/steme  Xerveux^ 
Paris,  1858,  tome  i.,  p.  285. 

'  Lemons  sur  la  Fhysiologie^  tome  iv.,  p.  310. 
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time  its  destructive  assimilation  is  undoubtedly  augmented, 
and  there  is  an  increased  demand  on  the  blood  to  supply  the 
waste.  It  is  apparently  a  provision  of  Nature  that  the  ac- 
tivity of  a  muscle,  facilitating  the  passage  of  blood  in  its 
Teins,  and  consequently  its  flow  irom  the  capillaries,  induces 
an  increased  supply  of  the  nutrient  fluid.  As  the  develop- 
ment of  tissues  is  generally  in  proportion  to  their  vascularity, 
this  may  account  for  the  increase  in  the  development  of 
muscles,  which  is  the  invariable  result  of  continued  exercise. 

Force  of  Aspiration  from  the  Thorax. — During  the  act 
of  inspiration,  the  enlargement  of  the  thorax,  by  depression 
of  the  diaphragm  and  elevation  of  the  ribs,  affects  the  move- 
ments of  fluids  in  all  the  tubes  in  its  vicinity.     Tlie  air  rushes 
in  by  the  trachea  and  expands  the  lungs,  so  that  they  follow 
the  movements  of  the  thoracic  walls.     The  flow  of  blood  into 
the  great  arteries  is  somewhat  retarded,  as  is  indicated  by 
the  diminution  in  the  arterial  pressure ;  and  finally,  the  blood 
in  the  great  veins  passes  to  the  heart  with  greater  facility, 
^nd  in  increased  quantity.    This  last-mentioned  phenomenon 
o^n  he  easily  observed,  when  the  veins  are  prominent,  in  pro- 
fotmd  or  violent  inspiration.     The  veins  at  the  lower  part  of 
tlie  neck  are  then  seen  to  empty  themselves  of  blood  during 
tine  inspiration,  and    become  distended  during  expiration, 
|>)x>ducing  a  sort  of  pulsation  which  is  synchronous  with  res- 
Eviration.     This  can  always  be  observed  after  exposure  of  the 
jxigolar  in  the  lower  part  of  the  neck  in  an  inferior  animal. 
-^V^fter  this  operation,  if  we  cause  the  animal  to  make  violent 
r>^spiratory  efforts,  the  vein  will  be  almost  emptied  and  col- 
Lapsed  with  inspiration,  and  turgid  with  expiration.     The 
"•xiovements  of  the  veins  near  tlie  thorax  have  long  been  ob- 
served and  described  with  tolerable  accuracy.     By  the  fol- 
lowing simple  yet  conclusive  experiment,  the  regular  action 
of  the  suction  force  was  demonstrated  by  Magendie.     Having 
introduced  a  gum-elastic  somid  into  the  jugular  vein  of  a  dog, 
und  passed  it  down  to  the  right  auricle,  he  saw  "  that  the 
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tlood  flowed  from  the  extremity  of  the  soutid  only  in  the 
mbmeiit  of  e:^piration.  We  obtain  results  entirely  analogous 
if  we  iiitrodueo  the  Bound  into  the  emral  vein,  directing  it 
toward  the  abdomen." '  As  several  contractions  of  tlie  right 
auricle  oeenr  between  two  acts  of  respiration^  it  is  shown  by 
this  experiment  that,  during  inipiration,  the  suction  force  is 
sufficient  to  counterbalance  the  eontractiona  of  the  auricle, 
which  would  otherwise  force  a  certain  quantity  of  blood 
through  the  sound,  as  it  does  during  expiration  ;  for  then  we 
have  a  jet  Bynchronous  witli  tho  boats  of  the  heart.  Cathe- 
terization of  the  right  side  of  the  heart  is  now  quite  a  common 
experiment ;  and  we  have  frequently  observed  the  variations 
in  the  flow  of  blood  from  a  sound  introduced  thr^jugh  the 
jugular,  which  were  mentioned  by  llagendie.  The  suction 
force  is  still  more  strikingly  exJiibited  in  this  operation  by 
the  entrance  of  air,  which  is  frequently  drawn  into  the  heart 
dui'ing  a  violent  inspiration. 

The  influence  of  aspiration  on  the  circulation  in  the  veins 
was  still  more  minutely  studied  in  1S25  by  Barry,  whose 
most  important  experiments  have  been  repeated,  with  some 
modiii  cat  ions,  by  Poiseuille,  Barry  introduced  througli  the  < 
jugulaj'  of  a  horse  a  bent  tube  of  glass,  one  extremity  being 
pasiied  into  the  right  cavities  of  the  heart,  or  the  vena  cava, 
and  the  other  into  a  vessel  containing  a  colored  liquid.  lie 
found  that  with  each  act  of  inspiration  the  liquid  mounted 
up  in  the  tube,  demonstrating  the  operation  of  a  notable  suc- 
tion force.  The  obseiTations  and  experiments  of  Barry  were 
made  on  quite  an  extended  scale,  but  many  of  his  conclusions 
were  not  entirely  warranted.  He  ettidied,  for  example,  the 
efiect  of  preventing  the  entrance  of  air  into  the  chest  by  the 
tracheaj  and  found  that  this  increased  the  suction  force  very 
considerably,  as  indicated  by  the  greater  elevation  of  liquid 
in  the  tube  with  each  inspiratory  effoit ;  but  he  supposed 


*  Mac£NDI£»  h\Jiu€iices  ties  MouvenieTfix  da  la  I'oiirint  d  dta  .Elfmis  svr  la  Cit^ 
cidattofi  du  JSan^.  Jcmrruil  de  Ph^i^^ogit  ExpkrimmitiU^  Piiis,  1S21,  tome  i, 
p.  13G. 
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that  tliis  force  from  the  thorax  waa  felt  in  tlie  entire  venous 
system,  an  opinion  which^  as  we  shall  see,  the  most  simple 
observations  have  shown  to  bo  entirely  erroneouB/  Ab  this 
force  is  not  felt  thronghont  the  whole  of  the  venous  system^ 
it  becomes  a  question  of  interest  to  determine  how  lar  its  iu- 
fluenee  extendsj  and  why  it  is  r^tricted  to  certain  vessels. 
Like  the  action  of  the  muscular  system  on  certain  veinSj  it  is 
simply  superadded  to  the  force  of  tlie  hearty  the  latter  being 
entirely  competent  to  keep  up  the  venous  circulation.  A 
proof  that  it  is  not  eflsential  is  seen  in  the  fact  that  the  circu- 
lation m  efTected  in  animals  which  do  not  inspirCj  but  swallow 
their  air,'  and  in  the  fcetns,  before  any  movements  of  respi- 
ration take  place- 
Direct  observ^atioiis  on  the  jugulars  show  conclusively  that 
the  influence  of  inspiration  cannot  be  felt  much  beyond  these 
vessels.  They  are  seen  to  collapse  with  each  inspiratory  act, 
a  condition  which  limits  this  influence  to  tlie  veins  near  the 
heart.  Tlie  flaccidity  of  the  walls  of  the  veins  will  not  permit 
the  extendeil  act  ion  of  any  suction  force.  If  a  portion  of  a  vein 
remcrved  from  the  body  be  attached  to  the  nozzle  of  a  syringe, 
and  we  attempt  to  draw  a  liquid  through  it,  though  the  suc- 
tion force  be  applied  very  gently,  when  the  vessel  has  any 
eoDsiderable  length,  its  walls  will  be  drawn  together.  In  the 
circulation,  the  veins  are  moderately  distended  with  blood  by 
the  vis  a  Urgo^  and,  to  a  certain  extent,  supported  by  con- 
nections with  surrounding  tissues,  bo  that  the  force  of  aspira- 
tion is  felt  farther  than  in  any  experiment  on  vessels  re- 
moved from  the  body*  The  bloody  as  it  approaches  the 
thorax,  irajielled  by  other  forceSj  is  considerably  accelerated 
in  its  flow  ;  but  it  is  iieen  by  direct  oljsei'vation,  that  beyond 

^  Q^miiT,  H^hefch£$  ExpkrimcntaUs  aur  iri  Causes  du  M&^v^mmi  du  JSan^  dana 
lit  Vtinm,  l\m,  1S25,  |>.  12  ef  »tq. 

*  In  iu«iiy  iLaimali  thftt  take  the  ulr  into  the  lungs  tij  an  ftct  llk«  that  of  de- 
gluiltioiL,  then?  are  re^lar  poleatlona  m  iKe  vein*  ot-ar  the  hciirt,  which  arc  quite 
bbanclanilj  provldocj  with  museuUt-  fibres  like  tlioM*  found  in  the  heart.  It  la  « 
qtteaiioti  whethoir  thb  doci  not  take  the  phce  of  the  suotioD  tavc^  from  the  oheai^ 
whidi  oper»t«i  in  other  aokDala, 
21 
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a  certain  point,  aiid  that  yerj  near  the  ebest^  ordinary  aspi- 
ration lias  no  jnflnenee,  and  violent  eflbrts  rather  retard  than 
lavor  the  current. 

In  the  livcrj  the  influence  of  inspiration  hecomes  a  very 
important  element  in  the  prodnction  of  the  circnlatioiL 
This  organ  presents  a  vaecnlar  arrangement  winch  is  exeep- 
tionah  The  blood,  distrihuted  by  t!ie  arteries  in  a  capillary 
plexus  in  the  mucous  membrane  of  the  alimentary  canal  and 
in  the  spleen,  Instead  of  being  returned  directly  to  the  heart 
by  the  veiuB,  h  collected  into  the  portal  Tein,  earned  to  the 
liver,  and  there  distributed  in  a  second  set  of  capillary  vessels. 
It  is  then  collected  in  the  hepatic  veinSj  and  carried  by  the 
Tena  cava  to  the  heart.  This  dou!)le  capillarj^  plexus  be- 
tween the  left  and  right  sides  of  the  heart  has  been  cited  m 
an  argument  against  the  fact  that  the  left  ventricle  is  capable 
of  sending  the  blood  through  the  entire  circuit  of  the  vascu- 
lar system-  The  tluee  hepatic  veins  open  into  the  inferior 
vena  cava  near  the  point  where  it  pa^es  the  diaphnigraj 
where  the  force  of  aspiration  from  the  thorax  would  niate^ 
rially  assist  tJie  current  of  blood.  On  foUowiug  these  veeseb 
into  the  subgtance  of  the  liver,  it  is  found  that  tlicir  walls  are 
BO  iirnily  adherent  to  the  tissue  of  the  organ,  that,  when  cut 
across,  they  remain  patulous;  and  it  is  evident  that  they  re- 
main open  under  all  conditions.  The  thorax  can  therefore 
exert  a  powerful  influence  upon  the  hepatic  circulation; 
for  it  is  only  the  flaccid ity  of  the  walls  of  the  vessels  which 
prevents  this  influence  from  operating  throughout  tiie  entire 
venous  system. 

Though  this  must  be  a  very  important  element  in  the 
prodnction  of  the  circulation  in  the  liver,  the  fact  that  the 
blood  circulates  iu  this  organ  in  the  foetus  before  any  move- 
ments of  the  thorax  take  place,  shows  that  it  h  not  absolute- 
ly essential.  All  of  the  influences  which  we  have  thus  lar 
considered  are  merely  Bupplementary  to  the  action  of  the 
great  central  organ  of  the  circulation. 

A  further  proofj  if  any  were  needed,  of  the  suction  force 
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of  inspiration  is  found  in  an  accident  which  is  not  infrequent 
in  surgical  operations  in  tlie  lower  part  of  the  neck.  When 
the  veins  in  this  Bit  nation  are  kept  open  by  a  tumor,  or  hy 
induration  of  the  surronnding  tissues,  mi  inspiratorj  effort 
h^  occasionally  l>een  followed  hy  the  entrance  of  air  into  the 
circulation ;  an  accident  which  is  liable  to  lead  to  the  gravest 
This  occurs  only  when  a  divided  vein  is  kept  patu- 
and  the  accident  proves  both  the  influence  of  inspira- 
tion on  liquids  in  the  vems  near  the  chest,  and  its  restriction 
to  the  vessels  in  this  particular  sitnatiou  by  the  flaccidity  of 
their  walls.  The  conditions  under  which  this  occurs  may  be 
imitated  in  the  lower  animals  by  introducing  a  tube  through 
the  vein  into  the  thorax ;  when,  with  a  violent  act  of  inspi- 
ration, air  wnll  be  drawn  in,  and  the  curioua  and  startling 
efiectg  upon  the  circulation  niay  be  observed, 

A  full  discussion  of  the  subject  of  air  tn  the  veins,  wliich 
is  of  great  pathological  interest,  does  not  belong  to  the  domain 
of  physiology.  The  blood  is  capable  of  dissolving  a  certain 
quantity  of  atmospheric  air ;  and  a  small  quantity,  very  grad- 
ually introduced  into  a  vein^  can  be  disposed  of  in  this  way. 
When  J  however  J  a  considerable  quantity  suddenly  finds  its 
way  into  the  venous  system^  the  patient^  or  animal,  experi- 
miom  a  sense  of  mortal  distress,  and  almost  immediately  falls 
into  a  state  of  insensibility,  A  peculiar  whistling  sound  is 
heard  when  the  air  pasiges  in ;  and  if  the  ear  be  applied  to  the 
chest,  we  diistinguish  the  labored  efforts  of  the  heart,  accom- 
panied by  a  loud  chuiTiiug  sound.  On  opening  the  chest 
aft-er  death,  the  right  cavities  of  the  heart  ai'e  invariably 
found  distended  with  air  and  blood ;  the  blood  being  frothy 
and  florid.  Generally  the  lel^  side  of  tlie  heait  is  nearly  or 
quite  emjity. 

The  jiroduction  of  death  irom  air  in  tlie  veins  is  purely 
meebanicah  The  air^  tinduig  its  way  to  the  right  ventricle, 
is  mijte^l  with  the  blood  in  the  form  of  minute  bubbles,  and 
piseed  into  the  pulmonarj^  artery.  Once  in  this  vessel^  it  is 
imposiible  for  it  to  pass  through  tlie  capillaries  of  the  lungSj 
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and  death  by  suffocation  is  the  inevitahle  result,  if  the  quan- 
tity of  air  be  large.  It  h  because  no  blood  can  pass  throngh 
the  lungs,  that  the  left  cavities  of  the  heart  are  usually  found 
empty. 

Certain  cases  of  entrance  of  air  into  the  Teing  in  surgical 
operations,  though  presenting  the  most  alarming  immediate 
eymptonis,  have  terminated  in  recoveiy*  In  these  instances, 
the  quantity  of  air  is  not  sufficient  to  completely  block  up 
the  puhiionary  capillaries,  and  it  is  gradually  absorbed  by 
the  blooiL 

Air  injected  into  the  arteries  produces  no  such  serious  ef- 
fects as  air  in  the  veins.  It  is  arrested  in  the  capillaries  of 
certain  parts,  and  in  the  course  of  time  is  absorbed  without 
having  produced  any  injury. 

Aside  from  t!ie  pressure  exerted  by  the  contraction  of 
muscles,  and  the  force  of  aspiration  from  the  thorax,  tlie  in- 
fluencies  which  assist  the  venous  circulation  are  very  slight. 
As  far  as  the  action  of  the  coats  of  the  vessels  themselves  is 
concerned,  their  contraction,  it  must  be  remembered,  is  slow 
and  gradual  J  like  the  contraction  of  the  arteries;  and  it  is 
hardly  possible  that  in  the  general  venous  system  it  should 
operate  at  all  on  the  blood -current,  beyond  the  simple  influ- 
ence of  the  reduction  of  the  caliber  of  the  vessel.  There  is 
a  slight  contraction  in  the  %^en8e  cavse,  in  the  immediate 
proximity  of  the  heart,  which  is  very  mueli  more  extended 
in  many  of  the  lower  vertebrate  animabj  aud  may  be  men- 
tionetl  as  having  an  influence,  very  insigniticant  it  is  true, 
on  the  flow  of  blood  from  the  great  veins. 

In  the  veins  which  pass  from  above  downwards,  the  force 
of  gravity  favors  the  flow  of  blood,  Tliis  is  seen  by  the  tur- 
gescenee  of  the  veins  of  the  neck  and  face,  when  the  head  is 
kept  tor  a  short  time  below  the  level  of  the  heart.  If  the 
arm  be  elevated  above  the  head,  the  veins  of  the  back  of  the 
hand  will  be  much  reduced  in  size,  from  the  greater  facility 
with  which  the  blood  passes  to  the  heart ;  while  they  are 
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distended  when  the  hand  is  allowed  ta  hang  by  the  side,  and 
the  blood  has  to  mount  up  agahxst  the  force  of  gravitj. 

In  the  extreme  irregularity  in  the  rapidity  of  the  circula- 
tion in  difterent  veins,  it  must  fref|uentlj  happen  that  a  ves- 
sel empties  its  blood  into  another  of  loi'ger  eize,  in  which  the 
current  is  more  rapid.  In  such  an  instance,  as  a  physical 
neeeasity,  the  more  rapid  current  in  the  larger  vessel  exerts 
a  certain  suction  force  on  the  fluid  in  the  vessel  wMch 
Joins  with  it. 


J^unetmi  of  the  Vaives. 

With  onr  present  knowledge,  it  is  difficult  to  eompre- 
Lend  how  any  anatomist  conld  have  accurately  described 
the  valves  of  the  veinSj  and  yet  be  ignorant  of  their  function; 
and  the  fact  that  their  use  was  nut  understood  before  the 
description  of  the  eirciilatioii  by  Harvey,  shows  the  greatness 
of  this  as  a  discovery,  and  the  shallow  character  of  any  pi-e^ 
tence  that  men  of  science  had  any  idea  of  the  motion  of  the 
blood  before  his  time. 

With  our  present  knowledge  of  the  course  of  the  blood, 
it  is  evident  that  the  great  function  of  the  valves  is  in  pre- 
senting an  obstacle  to  the  reflux  of  blood  toward  the  capil- 
lary system ;  and  it  only  remains  to  study  tlie  conditions 
under  which  they  are  brought  into  action. 

There  are  two  distinct  cotiflitions  under  which  the  valves 
of  tlie  veins  may  be  closed.  One  of  them  is  the  arrest  of  cir- 
eulationi  from  any  cause,  in  veins  in  which  the  blood  has  to 
aont  against  the  force  of  gravity ;  and  the  other^  compres- 
of  veinSj  ironi  any  cause  (generally  from  muscular  con- 
traction) wbich  tends  to  force  the  blood  from  the  vessels 
eompresaed  into  others,  wlien  the  valves  offer  an  obstnietion 
to  a  flow  toward  the  capiHaries,  and  necessitate  a  current  in 
the  direction  of  the  heart. 

In  the  first  of  thetje  conditions,  the  valves  are  antagonistic 
to  the  force  of  gravity,  and,  when  the  caliber  of  any  ve^el  is 
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temporarily  obliterated,  aid  in  directing  the  ctiiretit  into  an- 
astomotic vessels.  It  IB  but  rarelj,  howevBr,  that  they  act 
thii'^  in  opposition  to  the  force  of  gravity ;  and  it  is  only 
when  many  of  the  veins  of  a  part  are  eiinultaiieoiialy  com- 
pressed  that  they  aid  in  diverting  the  current.  AVlien  a  sm- 
gle  vein  is  obstruetedj  it  is  not  probable  that  the  valves  are 
necessary  to  divert  the  current  into  other  vessels,  for  this 
wonld  take  place  in  obedience  to  the  tm  a  tergo  ;  bnt  when 
many  veins  are  obstructed  in  a  dependent  part,  and  the 
avenues  to  the  heart  become  insufficient,  the  numerous 
valves  divide  the  columns  of  bloody  so  that  the  pressure  is 
equally  distributed  through  the  extent  of  the  ve^els.  For  it 
must  be  I'emerabered,  the  strength  of  the  walk  diminishes  as 
we  ptt&5  from  the  larger  veins  to  tlie  periphery,  and  the  small- 
est  vesselsj  which,  were  it  not  for  the  valves^  would  be  sub- 
jected to  the  greatest  amount  of  pressure,  are  le?ist  caleulate*il 
to  bear  distention.  This  is  but  an  occasional  function  which 
the  valves  are  called  upon  to  perform  ;  and  it  is  evident  that 
their  influence  is  only  to  prevent  the  weight  of  the  entire 
column  of  blood,  in  vessele  thus  obstructedj  from  operating 
on  the  smallest  veins  and  the  capillaries*  It  cannot  make 
the  labor  of  the  heart,  when  the  blood  is  again  put  in  mo- 
tion, any  less  than  if  the  column  were  undivided,  as  this 
oiigan  must  have  sufficient  power  to  open  suee^Bively  each 
set  of  valves,  when,  of  coui"8e,  they  cease  to  have  any  influ- 
ence wli  at  soever. 

It  is  in  connection  with  the  intermittent  compression  of 
the  veins  that  the  valves  have  their  principal  and  almost  con- 
stant function.  Their  situation  alone  would  lead  to  thi^  sup- 
position. They  are  found  in  greatest  numbers  throughout 
the  muscular  system,  having  been  demonstrated  by  Sappcj 
in  the  smallest  vennles.  They  are  also  found  in  the  upper 
parts  of  the  body,  where  they  certainly  do  not  operate  against 
the  force  of  gravity,  while  they  do  not  exist  in  the  eavides, 
where  the  venoiis  tninks  are  not  subject  to  comprcsssion.  It 
has  already  been  made  sufficiently  evident  that  the  action  o 
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mnscles  seconds  most  powerftillj  the  contractions  of  the 
heart  The  vis  a  iergo  from  the  heart  is,  doubtless,  generally 
sufficient  to  turn  this  influence  of  muscular  compression  from 
the  capillary  system,  and  the  valves  of  the  veins  are  open ; 
but  they  stand  ready,  nevertheless,  to  oppose  any  tendency 
to  regurgitation. 

In  the  action  of  muscles,  the  skin  is  frequently  stretched 
over  the  part,  and  the  cutaneous  veins  are  somewhat  com- 
pressed.    This  may  be  seen  in  the  hand,  by  letting  it  hang 
by  the  side  until  the  veins  become  somewhat  swollen,  and 
then  contracting  the  muscles,  when  the  skin  will  become 
tense  and  the  veins  very  much  less  prominent.     Here  the 
valves  have  an  important  action.     The  compression  of  the 
veins  is  much  greater  in  the  substance  of  and  between  the 
muscles  than  in  the  skin ;  but  the  blood  is  forced  from  the 
muscles  into  the  skin,  and  the  valves  act  to  prevent  it  from 
taking  a  retrograde  course.     The  fact  that  the  contraction  of 
muscles  forces  blood  into  the  veins  of  the  skin  may  be  seen 
l)y  surrounding  the  upper  part  of  the  forearm  with  a  moder- 
ately tight  ligature,  which  will  distend  the  cutaneous  veins 
1)elow.    If  we  now  contract  the  muscles  vigorously,  the  veins 
l)elow  will  become  sensibly  more  distended  and  knotted; 
showing,  at  once,  the  passage  of  blood  into  the  skin,  and  the 
action  of  the  valves. 

When  a  vein  is  distended  by  the  injection  of  air,  or  a 
liqnid,  forced  against  the  valves,  it  is  observed  that  at  the 
2K>int  where  the  convex  borders  of  the  valves  are  attached, 
tdie  vessel  is  not  dilated  as  much  as  at  other  parts.  This  is 
due  to  the  fact  that  the  valves  are  bordered  with  a  fibrous 
nng,  which  strengthens  the  vessel,  and  prevents  distention  at 
lliat  point,  which  would  separate  the  free  borders  of  the  valves 
«ind  render  them  insufficient. 

A  full  consideration  of  the  venous  anastomoses  belongs  to 
descriptive  anatomy.  Suffice  it  to  say,  in  this  connection,  that 
tiey  are  very  numerous,  and  provide  for  a  return  of  the  blood 
to  the  heart  by  a  number  of  channels.     The  azygos  vein,  the 
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veins  of  tbe  spinal  canal^  and  veins  in  tlie  walls  of  the  abd{>- 
men  and  thorax,  connect  tlie  inferior  witli  the  superior  vena 
cava.  Even  the  portal  vein  has  lately  been  shown  to  have 
its  coTnmnnieations  witli  the  general  venous  Bjstem,  Thus, 
in  all  parts  of  the  organism,  temporary  compression  of  a  vem 
only  diverts  the  current  into  some  other  ve^el,  and  permanent 
obliteration  of  a  vein  produces  enlargement  of  eonmiunicating 
branches,  which  soon  become  sufficient  to  meet  all  the  require- 
ments of  the  circulation. 

CondUimw  which  imj)ede  the  Ven&ua  Ciretdatimi. 

Infiuenee  of  &piratwn.—T\ie  influence  of  expiration  on 
the  circulation  in  the  veins  near  the  thorax,  k  dii-ectly  oppo- 
site to  that  of  inspiration.  As  the  act  of  inspiration  has  a 
tendency  to  draw  the  blood  from  these  vessels  into  the  chesty 
the  act  of  expiration  has  a  tendency  to  Ibrce  tlie  blood  ont 
from  the  vessels  of  the  thoraXj  as  the  air  is  forced  out  by  the 
trachea,  and  opposes  a  flow  in  t!ie  opposite  direction*  Tbe 
effect  of  prolonged  and  violent  expiratory  efforts  is  veiy 
marked;  being  followed  by  deep  congestion  of  the  veins  of 
the  face  and  neckj  and  a  sense  of  fulness  in  tbe  head,  which 
may  become  very  distreesing.  The  opposition  to  the  venous 
current  generally  extends  only  to  vessels  in  tbe  immediate 
vicinity  of  the  thorax,  or,  it  may  be  stated  in  general  terms, 
to  those  veins  in  which  the  flow  of  blood  is  assisted  by  the 
movements  of  inspiration ;  but,  while  the  inspiratory  influence 
is  absolutely  coniined  to  a  very  restricted  clrcnit  of  vesselsj 
the  obstructive  influence  of  very  violent  and  prolonged  expi* 
ration  may  be  extended  very  much  further,  as  is  seen  when 
the  ve&^els  of  the  neck,  face,  and  conjunctiva  become  con- 
gested in  prolonged  vocal  efforts,  blowing,  etc, 

Tbe  mechanism  of  this  is  not  what  we  might  at  first  be 
led  to  suppose ;  namely,  a  mere  I'eflux  from  the  large  trunks 
of  the  thoracic  cavity*  Were  this  the  case,  it  would  be  ne- 
cesaaiy  to  assume  an  insufficiency  of  certain  valve-s,  which 
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does  not  exist.  In  extreme  congestion,  reflnx  of  blood  may 
take  place  to  a  certain  extent  in  the  external  jngular,for  this 
vessel,  has  bnt  two  valves,  which  are  not  competent  to  pre- 
vent regurgitation:'  but  the  chief  cause  of  congestion  is 
due,  not  to  r^urgitation,  but  to  accumulation  from  the  pe- 
riphery, and  an  obstruction  to  the  flow  of  blood  into  the  great 
vessels. 

It  is  in  the  internal  jugular  that  the  influence  of  expiration 
is  most  important,  both  from  the  great  size  of  the  vessel  in  the 
human  subject,  as  compared  with  the  other  vessels,  and  from 
the  importance  and  delicacy  of  the  parts  from  which  it  collects 
the  blood.  At  the  opening  of  this  vessel  into  the  innominate 
vein,  is  a  pair  of  strong  and  perfect  valves,  which  effectually 
close  the  orifice  when  there  is  a  tendency  to  regurgitation. 
These  valves  have  attracted  much  attention  among  physiolo- 
gists,  since  the  discovery  of  the  circulation  has  made  it  evi- 
dent how  important  they  might  be  in  protecting  the  brain 
from  reflux  of  blood.  When  the  act  of  expiration  arrests  the 
onward  flow  in  the  veins  near  the  thorax,  these  valves  are 
closed,  and  effectually  protect  the  brain  from  congestion  by 
r^urgitation.  The  blood  accumulates  behind  the  valves,  but 
the  free  communication  of  the  internal  jugular  with  the 
other  veins  of  the  neck  relieves  the  brain  from  congestion, 
unless  the  effort  be  extraordinarily  violent  and  prolonged. 

The  above  remarks  with  regard  to  the  influence  of  expira- 
tion are  applicable  to  vocal  efforts,  violent  coughing  or  sneez- 
ing, or  any  violent  muscular  efforts,  such  as  straining,  in 
^hich  the  glottis  is  closed. 

.Regurffitant  Venous  Pvlse. — In  the  inferior  animals,  like 
the  dog,  if  the  external  jugular  bo  exposed,  a  distention  of 
the  vessel  is  seen  to  accompany  each  expiratory  act.  This  is 
sometimes  observed  ih  the  human  subject,  when  respiration 
is  exaggerated,  and  has  been  called  improperly  the  venous 
pulse.    There  is  no  sufficient  obstacle  to  the  regurgitation  of 

'  Gray,  Descriptive  Anatomy,  Philadelphia,  1869,  p.  404. 
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blood  from  the  thorax  into  the  externa]  jugular,  and  distinct 
pulsations^  eynchronoxi^  with  the  movements  of  respiratioDj 
may  he  produced  in  this  way. 

In  some  forms  of  cardiac  disease  affecting  the  right  side, 
a  pulsation  J  Bynehrouons  witli  the  heart's  action  ^  lias  also 
been  noticed.  This  is  always  confined  to  the  jugnlar^  and 
must  not  he  connected  with  the  slight  pulsations  which 
Bometimes  occur  in  tlie  veins  of  the  extremities.  It  is  due  to 
a  regurgitant  impulse  from  the  right  side  of  the  heart ;  and 
generally,  to  the  action  of  t!ie  right  ventricle^  propagated  into 
the  veins  on  account  of  pathological  insufficiency  of  the  tri- 
cuspid valves.  Two  distinct  pulsations  acxjompanying  each 
act  of  the  lieart  have  been  occasionally  observed:  one  im* 
njediately  preecdmg^  and  the  other  coinciding  with,  the  ven- 
tricular Bystole,  In  a  case  of  this  kind,  post-mortem  examin- 
ation revealed  contraction  of  the  right  auriculo-ventricular 
orifice,  as  well  as  insufficiency  of  the  tricuspid  valves/  The 
relation  of  the  pulsation  of  the  jugular  to  the  action  of  the 
heart  showed  tliat  the  first  impulse  was  produced  by  the  con- 
traction  of  the  right  auricle,  and  the  second  by  the  contrac- 
tion of  the  right  ventricle. 

It  is  evident  that  there  are  various  other  circumstances 
which  may  impede  the  venous  circulation.  Accidental 
compression  may  temporarily  arrest  the  flow  in  any  par- 
ticular vein.  When  the  whole  volume  of  blood  is  materi- 
ally increased,  as  after  a  ftill  meal,  with  copious  ingestion  of 
liquids,  the  additional  quantity  of  blood  accumulates  chiefly 
in  the  venous  system,  and  proportionately  diminishes  the  ra- 
pidity of  the  venous  circulation. 

The  force  of  gravity  also  hajs  an  important  influence.  It 
is  ranch  more  difficult  for  the  blood  to  mount  trora  below  up 
to  the  heart,  than  to  flow  downwards  from  the  head  and 
neck.  The  action  of  this  is  seen  if  comparison  be  made  be- 
tween the  circulation  in  tlie  arm  elevated  above  the  head 
and  hanging  by  the  side.     In  the  one  case  the  veins  are  read* 

*  Fl^t,  Dhtmm  ofilu!  Heart,  PliilatlelpJilii,  I859j  p,  141". 
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ily  emptied,  and  contain  but  little  blood ;  and  in  the  other 
the  eireolation  is  more  diflScult,  and  the  vessels  are  moderate- 
ly distended.  The  walls  of  the  veins  are  thickest,  and  the 
valves  most  numerous,  in  parts  of  the  body  which  are  habit- 
ually dependent.  The  influence  of  gravity  is  exemplified  in 
the  production  of  varicose  veins  in  the  lower  extremities. 
This  disease  is  frequently  induced  by  occupations  which  re- 
quire constant  standing ;  but  the  exercise  of  walking,  aiding 
the  venous  circulation,  as  it  does,  by  the  muscular  effort,  has 
no  such  tendency. 


CHAPTEE  IX. 

PECULIABITIE8    OP    THE    CIRCULATION   IN    DIFFERENT   PARTS    OP 
THE   SYSTEM. 

Circulatiou  in  the  cranial  cavity — Circulation  in  erectile  tissues — ^Deriyative  drco- 
lation — Pulmouary  circulation — General  rapidity  of  the  circulation — ^Time  re- 
quired for  the  passage  through  the  heart  of  all  the  blood  in  the  organism^ 
Relations  of  the  general  rapidity  of  the  circulation  to  the  frequency  of  the 
hearths  action — Phenomena  in  the  circulatory  system  after  death. 

Circulation  in  the  Cra/nial  Cavity. — ^In  the  encepbalic 
cavity,  there  are  certain  peculiarities  in  the  anatomy  of  some 
of  the  vessels,  with  exceptional  conditions  of  the  blood,  as  re- 
gards atmospheric  pressure,  which  have  been  considered  ca» 
pable  of  essentially  modifying  the  circulation.  In  the  adult, 
the  cranium  is  a  closed,  air-tight  box,  containing  the  incom- 
pressible cerebral  substance,  and  blood ;  conditions  which  are 
widely  different  from  those  presented  in  other  parts  of  the 
system.  On  this  account,  some  have  gone  so  far  as  to  con- 
sider any  change  in  the  quantity  of  circulating  fluid  in  the 
brain,  a  physical  impossibility.'     Pathological  facts  in  oppo- 

'  A  number  of  years  ago,  there  was  considerable  interest  excited  in  the  dis- 
cussion of  the  possibility  of  an  increase  or  diminution  in  the  quantity  of  blood  in 
the  brain  under  any  circumstances.  Monro,  Abercrombie,  and  Dr.  Kellie  sup- 
posed the  quantity  of  blood  in  the  brain  to  be  invariable ;  Dr.  Kellie  assuming  to 
have  proved  this  position  by  experiments  which  showed  (according  to  his  conclu- 
sions at  least)  no  diminution  in  the  quantity  of  blood  in  the  brain  in  animals 
killed  by  hemorrhage,  and  no  increase  in  the  quantity  in  animals  killed  by  &  ligik 
lure  around  the  neck.    He  made  other  observations  on  this  subject  which  it  is  un- 
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sit  ion  to  such  a  view  are  so  nuoieroua  and  well  established, 
tliat  the  question  does  not  demand  extended  diseiisaion.  It 
is  well  known^  that  in  certain  cases  the  vessela  of  tlie  brain 
and  its  membranes  are  found  engorged  with  blood,  and  in 
others  containing  a  comparatively  small  quantity;  Imt  it  is 
nerertheless  true  that  there  are  anatomical  peculiarities  in 
these  partaj  the  effects  of  which  on  the  circulation  present 
important  and  interesting  points  for  study. 

In  the  braiuj  the  venous  passages  whkh  correspond  to  the 
great  veins  of  other  parts,  are  sinuses  between  the  folds  o( 
the  dara  mater,  and  are  but  shghtly  dilatable.  In  the  per- 
fectly consolidated  adult  head,  the  blood  is  not  subjected  to 
atnaospheric  pressure  as  in  other  parts^  and  tlie  semi-Bolids 
and  liquids  which  compose  the  encephalic  ma^s  cannot  in- 
crease in  size  in  congestion,  and  diminish  in  anemia.  Not- 
withstanding these  conditions,  the  undoubted  fact  remains 
that  examinations  of  the  vessels  of  the  brain  after  death  ahow 
great  differences  in  the  quantity  of  blood  which  they  contain. 
The  question  tlien  arises  as  to  what  is  displaced  to  make 
room  for  the  blood  in  congestion,  and  what  supplies  the 
place  of  the  blood  in  anemia. 

An  anatomical  ]5eculiarity,  which  has  not  yet  been  con- 

■edj  otfeiTs  an  explanation  of  these  phenomena,     Magen- 

has  shown  by  observations  on  living  animals,  confirmed 

by  dissections  of  the  human  body^  that  between  the  pia  mater 

and  the  arachnoid  of  the  brain  and  spinal  cord  there  exists  a 


r  to  ommemte.    These  expcrimeiitfl  wtre  iUUy  reviewed  bj  Br.  George 

BuTTowB,  who  sbowa  bj  biJi  qyOt*tion»  from  Dr.  Kellie  that  they  pro? ed  nothing 
of  the  kiDd,  Dr,  B,  jm[>e&ted  the  fipenmcnts  on  rablHl^t  and  demonttratetl  that 
gresit  TirUlioa«  eibl  Iq  iIh;  quautit;  of  blood  la  ttie  bram,  when  the  aulmula  are 
kiUcnl  la  dlfl^ent  wa^s,    Hv  Eshowi^d  that  the  blood-TCSsela  are  cu^oi^ed  when  the 

;  hmd  b  Idi  dependent  for  a  number  of  hours,  and  thai  tbey  contain  but  lUtlc 
bkwd  when  it  ia  *levat^L  Certain  of  Kellie*a  cipcrimootJ,  cittjd  by  Dr,  Burrows, 
«how  tliat  llio  dllTerence  is  ia  the  eouduaioQS,  and  Dot  m  the  experimetxlml 
For  a  M\  diecni^elon  of  this  sabjectf  the  reacler  is  referred  lo  the  work 

i  of  Df.  Burrowa  oa  Pmrdrn  of  ^  Ceroid  Cireul^ou^  ttc  (Amcrieaa  reprint), 
FhOadt^lphia,  1S48. 
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liquid,  the  cephalo-rachidian  fluid,  whicli  is  capable  of  pasi^ 
ing  from  the  surface  of  the  brain  to  the  spiual  canal^  and 
communicates  ^th  the  fluid  in  the  ventricles,*  This  he  has 
conchisively  demonstrated  to  be  eituated,  not  between  the 
layerfl  of  the  arachnoidj  as  wa^  supposed  bj  Bichat,  but  be- 
tween the  inner  layer  of  this  membrane  and  the  pia  materp 
The  communication  between  the  cranial  cavit^r  and  riie  spinal 
canal  i^  very  free.  Tlib  was  demoUBtrated  by  exposing  tha 
dura  mater  of  the  brain  and  of  the  cord,  making  an  opening 
in  the  nicmbranea  of  the  cord,  so  as  to  allow  the  liquid  to 
escape  (which  it  does  in  quite  a  foix?ible  jet),  when  prefigure 
on  the  membranes  of  the  brain  not  only  accelerated  the  flow, 
bnt  pressed  out  a  quantity  of  the  liquid  alter  all  that  would 
escape  spontaneously  had  been  evacuated. 

It  ia  easy  to  ae©  one  of  the  physiological  uses  of  this  liquid. 
When  the  preftsui-e  of  blobd  in  the  arteries  leading  to  the 
brain  is  increasedj  or  wlien  there  is  an  obstacle  to  its  return 
by  the  veins,  more  or  less  congestion  takes  place,  and  the 
blood  forces  the  liciuid  from  the  cranial  into  the  spinal  cavity ; 
the  revemse  taking  place  when  the  supply  of  blood  to  the  brain 
ia  diminished.  The  fimetions  of  all  highly  organized  and 
vascular  parts  seem  to  require  certain  variations  in  the  sup- 
ply of  blood ;  and  there  is  no  reason  to  suppose  that  the 
braiUj  in  its  varied  conditions  of  activity  and  repose,  is  any 
exception  to  this  general  rule,  though  the  physiological  con- 
ditions of  its  vascularity  are  not  easily  studie<l. 

In  some  late  CKperiments  by  Mr,  Durham  on  the  physi- 
ology of  sleep,  the  comparative  vascularity  of  the  meninges 
of  the  brain  at  diflei*ent  times  has  been  studied  in  animals,  by 
removing  a  jjortion  of  the  skull  with  a  tre^jbine,  and  supply- 
ing its  place  by  a  watch-glass  cemented  to  the  edgee  of  the 
bone  with  Canada  balsam.  In  these  experiments,  the  author 
demonstrates  that  the  vessels  are  much  more  congested  dur- 


'  Maoendie,  /o«r»o/  th  Fh^whliy^ft^  1825,  tqme  y.,  p.  2t  ei  «*^,^  and  1S27 
tome  vii.,  p,  66  ei  Jrg.  Bur  un  Li^ide  qui  Be  trume  dam  k  Cram!  e£  ft  Canal 
Vcriibral  de  PUomme  et  det  Ariimtiti£  Mmnmif^r^. 
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ing  the  actirity  of  the  brain j  than  flnring  the  euspeneton  of 
its  functions  in  sleep.  Tlie  blood-vessela  of  the  meningeB 
were  exfxjeed  freely  to  view  by  the  operation,  and  were  ex- 
amined hy  the  microscope,  with  a  low  power^  as  well  jis  with 
the  naked  eye/  Dr.  Hammond  has  lately  published  an  in- 
teresting paper  on  sleep  and  insomnia^  in  which  the  obser- 
vations of  Mr.  Dnrham  are  Mly  contirraer],  leaving  no  doubt 
that  the  vessels  within  the  cranial  cavity  are  subject  to  con- 
siderable physiological  variations  in  tension.  These  obser- 
vations were  published  in  1865,*  though  they  were  made 
before  the  article  of  Mr*  Durham  appeared. 

PbyaLiologista,  even  before  the  time  of  Haller,  had  noticed 
alternate  movements  of  expansion  and  contraction  in  the 
brain^  connected  with  tho  acts  of  respiration*  This  is  ob- 
eerved  in  children  before  the  fontanels  are  closed,  and  in 
the  adult  when  the  Ijrain  is  exposed  by  an  injury  or  a 
surgical  o|>eration.  The  movements  are,  an  expansion  with 
the  act  of  expiration,  whiehj  in  violent  eflfortSj  is  souietimes 
80  considerable  as  to  produce  protrtision,  and  contraction 
with  inspiration.  Magendie  also  studied  theee  movements, 
which  he  explained  in  the  following  way  :'  With  the  act  of 
expiration,  the  flow  of  bhxKl  in  the  arteries  is  favoi'ed,  and 
the  current  in  the  veins  is  retarded*  If  the  effort  be  violent, 
the  valve  at  the  opening  of  the  internal  jugular  may  be 
elofied.  Thi^  act  would  produce  an  expansion  of  the  brain, 
not  from  reflux  by  the  veins,  but  from  tlie  fact  that  the  flow 
into  the  chest  is  impeded,  and  the  blood,  wliile  jnissing  in 
more  freely  by  the  arteries,  ia  momentarily  confined.  With 
iniiptration,  the  flow  into  the  thorax  is  materialtj  aided,  and 
the  brain  is  in  some  degree  relieved  of  this  expanding  force. 


'  Ammm  %  Doiaiu,  The  Fhtftiotoffg  ttf  ^^,    Gn^^t  ffoipM  Hep&rU^  1  SCO, 

*  Wit.  A.  HjOfMOmj,  M.D*|  On  5r«p  and  iMonmia,     iVeio  Kwife  JMiealJbmt** 

'  Jitttrntil  de  PhywmlfMpe^  kiEne  t,  p.  \Z%  Ik  tlnfiwme^  den  Mommne^^  4^  la 
P(HiHn0  ri  dm  Mf^Hf  mtr  ia  Circuiuiwn  du  S^^» 
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Robin  liaa  lately  noted  a  peculiarity  in  tlie  aoiall  vessels 
of  the  brain,  epinal  cord,  and  pi  a  mater,  wliich  is  curiotis,bat 
the  pliyeiological  function  of  which  m  not  yet  apparent* 
Tliese  vessels  are  snrronnded  by  a  thiuj  araorphoua  sheath, 
which  has  a  diameter  of  from  rj^^  to  -^  of  an  inch  greater 
than  that  of  the  vessel  it&elf.  Between  this  and  tlie  hlood- 
vessel  ia  a  transparent  liquid.  This  structure,  which  has 
been  observed  in  no  other  part  of  the  circulatory  system,  is 
r^arded  by  its  discoverer  as  the  couiraencement  of  the  lym- 
phatici  of  the  nervous  centres,  Wliat  effect  this  disposition 
of  the  vessels  may  have  upon  the  facility  with  which  they 
may  become  dilated  or  eontractadj  it  is  difficult  to  determine. 

OirmilaUmi  in  M'eetih  Timum, — ^In  the  organs  of  gener- 
ation in  both  sexes  there  exists  a  tissue  which  is  subject  to 
great  increase  in  volume  and  rigidity,  when  in  a  state  of  what 
is  called  erection.  The  parts  in  which  the  erectile  titisue  ex- 
ists are,  in  the  male^  the  corpora  cavernosa  of  the  penis^  the 
corpora  spongiosa,  with  the  glans  penis ;  and  in  the  female, 
the  corpora  cavernosa  of  the  clitoris,  the  gland  of  the  cUtoris, 
and  the  bulb  of  the  vestibule.  In  addition,  Eouget  haa  lately 
demonstrated  t!ie  presence  of  true  erectile  tissue  in  the  body 
of  tlie  uteruSj  and  in  a  bulb  annexed  to  the  ovary  of  the  hu- 
man female,  but  states  that  it  is  not  found  in  the  inferior 
animals.  He  has  shown  by  injections  that  the  n terns  is 
capable  of  erection  like  the  penis.'  In  some  other  parts, 
such  as  the  nipple  and  the  raucous  membrane  of  the 
vagina,  wluch  are  sometimes  described  as  erectile,  the  pecu- 
liar vascular  arrangement  which  is  characteristic  of  true 
erectile  tisanes  is  not  found.  In  the  nipple,  the  hardness 
which  follows  gentle  etimulation  is  simply  the  result  of  con- 
traction of  the  smooth  muscular  fibres  with  which  this  part 

*  EoBiTf,  Sur  unt  Tuntfpiff  Appart^\ant6  tnpropreaux  CapiUmtei Enti^haif^ 
.RaeMdieni,    Journal  de  /a  P/t^n&loffie^  ft<^.^  OcL  1S50|  totac  ii,,  p»  t^43, 

*  RouaKt,  M^elttrdif^  #ur  k*   Orf/an&t  Erectile*  ih  h.  Ftmtne^  tie,    Jotsmal 
d$  la  Fh^tioioffie,  Paris,  1858^  tome  L,  pp,  320,  479,  735. 


is  lai^y  BUpplied,  and  m  analogous  to  the  elerations  in  the 
follicles  of  flie  ekin  from  the  same  cause,  in  what  is  called 
goose-fiegth.    In  the  vagina,  congestion  may  occur,  m  in  otbar 

ymncouB  membranes^  but  there  is  no  proper  ereetion- 
he  vascular  arrangement  in  erectile  organs,  of  which  the 
may  be  taken  as  the  type,  is  peculiar  to  them,  and  not 
1  in  any  other  part  of  tbe  circulatory  system.  Taking 
the  jieniB  m  an  example,  the  arteries,  which  have  an  nnnsnally 
thick  muscular  coat,  after  they  have  entered  the  organ,  do  not 
simply  branch  and  divide  dicliotomonsly,  as  in  most  otlier 
partSf  hut  send  off  large  nombera  of  arborescent  branches, 
which  immediately  become  tortuous,  and  are  distributed  in 
the  cavernous  and  ipongy  bodies  in  numerous  anastomosing 
v^sels,  with  but  a  single  thin  homogeneous  coat,  like  the  true 
capillaries.  These  vessels  are  larger,  even,  than  the  arterioles 
which  supply  them  with  blood,  eome  having  a  diameter 
of  from  ^  to  ^  of  an  inch.'  The  cavernous  bodies  have  an 
external  investment  of  strong  fibrous  tissue  of  considerable 
elasticity,  which  sends  bands,  or  trabeeulie,  into  tbe  interior, 
by  which  it  is  divided  up  into  cells.    The  trabecular  are  com- 

I  loosed  of  fibrous  tissue  mixed  with  a  large  number  of  smooth 
muscular  fibres.  These  cells  lodge  tlie  blood-vessels^  which 
Family  in  the  tortuous  manner  already  indicated,  and  finally 
terminate  in  the  veina'  The  anatomy  of  the  corpora  spon- 
glosa  is  essentially  the  same ;  the  5nly  diflferencc  l)eijig  that 
the  fibrous  envelope  and  the  trabeculse  are  more  delicate, 
■  and  the  cells  are  of  smaller  size. 

Without  going  fully  into  the  mechanism  of  erection, 
which  comes  more  properly  under  the  head  of  generation,  it 
may  be  stated  in  general  terms  that  during  sexual  excite- 

RafiiS^  OhtrnfistititiM  sur  la  Contiiitution  du  Tinu  KredUe,  Pfttie,  186H. 
■  J«  MilUcr  [»]^fQ8fiefl  to  have  discovered  H  pecutlBjitj  in  the  wtCTic*  of  er*ctiJ*j 
I  coDfietiiig  m  vrbDnss^etit  diTGriicula  from  the  main  vessel,  witti  bUtid  cx^ 
'''tropiliiai*     Thcfto  he  culled  tbe  k^ikin*  arierie*.     (Maniul  de  Ph^it^^it.    Tr^. 
paifJ<mrdany  Fartft^  IS&l^  tome  1^  p.  181.)    Hoiiget  In  his  ndmifnlile  nrtide  {he. 
«i^.)  hw  gone  oyer  tbe  extM^Hmente  of  Mlillerj  imd  shown  concluaivelj^  that  the 
ftO-eatted  b^llctne  arteries  do  nol  eii^t;  and  thut  the  appearaDGefi  d^ciibtnl  by 
11  teller  an  due  to  !m[iorfeet  fiUlog  of  the  veasela  bj  the  iiycctioa, 
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tnent,  or  when  erection  occurs  from  any  cau^,  tlie  thick  mi 
cular  walls  of  the  arteries  of  supply  relax,  and  allow  the  ar- 
terial pressure  to  distend  the  capacious  vessels  lodged  in  the 
cells  of  the  cavernous  and  spongy  bodies,  Tliis  produces  the 
charactGristic  change  in  the  volume  aod  po&ition  of  the  organ- 
It  is  evident  that  erection  depends  upon  the  peculiar  arrange- 
ment of  the  hlood-vesisels,  and  is  not  simply  a  congestion, 
such  as  could  occur  in  any  vascular  part.  During  erection, 
there  is  not  a  stasis  of  blood  ;  but  if  it  continue  for  any  length 
of  time,  the  quantity  which  passes  out  of  the  part  by  the 
veins  must  he  equal  to  that  which  passes  in  by  the  arteries* 
If  return  by  the  veins  were  prevented,  gangrene  would  inev- 
itably supervene,  an  occurrence  which  sometimes  takes  place 
when  the  root  of  the  penis  has  become  constricted,  and  is  not 
speedily  relieved.  Erection  may  be  produced  in  tlie  dead 
body,  by  preventing  reflux  by  the  veins,  and  filling  the  ves- 
mh  contained  in  the  cells  of  the  cavernous  and  spongy  bodies 
by  injection.  It  has  been  shown  by  Muller  that  the  peiii^ 
may  be  made  rigid  by  an  injection  at  a  pressure  about  equal 
to  the  pressure  of  blood  in  the  arteries/ 

The  mechanism  of  erection  of  the  clitoris,  and  other 
erectile  parts,  is  essentially  the  same  as  in  the  penis.  It  is 
seen  that  in  this  eoiiditioUj  circulation  is  by  no  means  arrested; 
and  the  tortuous  vessels  are  filled  with  blood  by  an  enlaige- 
ment  in  the  caliber  of  the  small  arteries  of  supply* 

Koiiget  has  shown  that  the  body  of  the  uterus  possesses 
erectile  tissue  as  perfect^as  that  of  the  penis;  and  that  after 
death  the  organ  may  be  made  to  change  its  fonn  and  posi- 
tion by  injecting  the  vessels,  when  it  increases  in  size  about 
one-half,  rising  up,  and  becoming  rigid  and  erect  in  the  carity 
of  the  pelvis." 

This  relaxation  of  the  muscular  coats  of  the  arteries  only 
exists  for  a  time  j  tonic  contraction  occurs^  the  supply  of 
blood  is  diminished,  and  the  organ  returns  to  its  ordinary 
condition. 


ler] 


^  J.  McrLLEK;  op.  cit.^  tomo  l^  p.  182. 


^  RouoET,  up.  dt,  pp.  338»  a3?- 
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Under  stimulation,  the  muscular  fibres  in  the  covering 
and  trabecule  of  the  corpora  cavernosa  and  spongiosa  maj 
contract,  force  the  blood  from  the  parts,  and  produce  a  cer- 
tain amount  of  rigidity,  with  diminution  in  size.  This  is 
frequently  seen  under  the  influence  of  cold,  which  is  a  pow- 
erful excitant  of  the  unstriped  muscular  fibres. 

Derivative  Circulation. — In  some  parts  of  the  circulatory 
Bystem,  there  exists  a  direct  communication  between  the  arte- 
ries and  the  veins,  so  that  all  the  blood  does  not  necessarily 
pass  through  the  minute  vessels  which  have  been  described 
as  true  capillaries.     This  peculiarity  has  been  closely  studied 
by  M.  Suquet,  who  was  first  led  to  investigate  the  subject  by 
noticing  t&at  by  injecting  a  very  small  quantity  of  fluid,  en- 
tirely insufficient  to  fill  all  the  capillaries  of  a  member,  it  was 
returned  by  certain  of  the  veins.     On  using  a  black,  solidifi- 
able  injection,  he  found  that  there  were  certain  parts  of  the 
upper  and  lower  extremities  and  the  head  which  became 
colored  by  the  injection,  while  other  parts  were  not  pene- 
trated.   Following  this  out  by  dissection,  he  showed  that,  in 
the  upper  extremity,  the  skin  of  the  fingers  and  part  of  the 
palm  of  the  hand,  and  the  skin  over  the  olecranon,  is  provided 
'with  vessels  of  considerable  size,  which  allowed  the  fiuid  in- 
jected by  the  axillary  artery  to  pass  directly  into  some  of 
the  veins,  while  in  other  parts  the  veins  were  entirely  empty, 
Sxtending  his  researches  to  the  lower  extremity,  he  found 
analogous  communications  betweep  the  vessels  in  the  knee, 
toes,  and  parts  of  the  sole  of  the  foot.     He  also  found  com- 
mimications  in  the  nose,  cheeks,  lips,  forehead,  and  ends  of 
t^lie  ears,  parts  which  are  particularly  liable  to  changes  in  color 
firom  congestion  of  vessels.* 

*  J.  P.  SuQUJR,  2>0  la  Circulation  du  Sang  dans  Us  Membres  et  dans  la  Tiie 
<fe  PAmune,  Paris,  I860,  p.  65.  Though  all  the  physiological  deductions  in  this 
"■"^Baoip  do  not  seem  justifiable,  the  anatomical  facts  are  undoubted.  The  prepa- 
**>taoiia  have  been  examined  by  a  commission,  of  which  M.  Robin  was  a  member, 

^^^^  confinned  the  statements  of  M.  Suquet.    (Oral  communication  from  M. 

^obin.) 
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It  is  evident  that,  under  certain  circumBtatices,  a  larger 
quantity  of  blood  than  u&oal  may  pass  tlirough  these  parts 
withont  necessarily  j>enetratiDg  the  true  capillaries  and  thus 
exerting  a  modifying  influence  upon  nutrition.  The  changea 
which  are  liable  to  occtir  in  the  quantity  of  blood,  in  the 
force  of  the  heart's  action,  etc.,  may  thus  take  place  without 
disturbing  the  circulation  in  the  capillaries,  a  provision  which 
the  functions  of  the  parts  would  seem  to  demands 

Pulmonary  Clreulatimi^—The  vascnlar  system  of  the 
lungs  merits  the  name,  which  is  frequently  applied  to  it,  of 
the  leseer  circulation.  The  right  side  of  the  heart  acts  simul- 
taneously with  the  left,  but  is  entirely  distinct  firom  i t^  and  its 
muscular  walls  are  very  much  less  powerfuL  The  pulmo- 
nary artery  has  thinner  and  more  distensible  ooate  than  the 
aorta,  and  dietributes  its  blood  to  a  single  system  of  capil- 
laries, which  are  located  very  near  the  heart.  We  have  seen 
that  the  orifice  of  the  pulmonary  artery  is  provided  with 
valves  which  prevent  regurgitation  into  the  ventricle-  In 
the  substance  of  tlie  lungs,  the  pulmonary  artery  is  broken 
up  into  capillariee,  most  of  them  just  large  enough  to  allow 
the  passage  of  the  blood'corpuscles  in  a  single  row.  These 
vessels  are  provided  with  a  single  coat,  and  ibrm  a  very  close 
network  surroundiog  the  air-cells.  From  the  capillaries^  tiie 
blood  is  collected  by  the  pulmonary  veins,  and  conveyed  to 


'  Before  the  pubHt^iLtion  of  the  researches  of  Suquet,  Todd  iiiid  Bowman  ] 
tioned  the  possiblUt j  of  difecl  communicaUon^  betireai  the  ftrteriei  and  ^mm  in 
mxtsij  pftrts  of  the  bodj,  and  the  prob&ble  eiiat«iioe  of  oaeh  oommumcatiosfl  Ir 
tome  of  the  hotii:^ 

*^It  IB  not  lniproh«b]e  that  further  reseueh  maj  detect  a  direct  commuciie&tion 
betwtjen  artcrips  and  veins,  even  in  tusuei,  the  gT«ftlest  part  of  wbieb  ia  fWniitbtd 
frith  n  true  capillaT^  plexuii,  Jn  the  cuiceUAt^  itiUdture  of  bone,  iwd  the  diploe 
of  the  cranial  bone:^  it  seems  highl  j  probable  tfaat  the  arteries  eommnnjcate  in}- 
mediate] J  with  the  veins  at  man/  points.  Mr«  Pa^t  {Lefh^m  im  Injiarnm&ihn) 
descdbes  a  direct  vODunaoication  between  the  artenes  and  veins  of  the  wlnji^  of 
the  bat^  wtttu^ot  aoj  intermedLite  capiUaiy  ptextis.^^'^-TooD  and  BownASt,  Pk^i- 
ologkal  Anatomy  9md  P^^nWc^  of  Man^  Ametieon  editiciiiT  HtikdetpMa,  1SS7, 
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"tie  left  auricle.  There  is  no  great  disparity  between  the  ar- 
teries and  veins  of  the  pulmonary  system  as  r^ards  capacity. 
The  pulmonary  veins  in  the  human  subject  are  not  provided 
with  valves. 

The  blood  in  its  passage  through  the  lungs  does  not  meet 
with  the  resistance  which  is  presented  in  the  systemic  circu- 
ktioiL  This  fact  we  have  often  noticed  in  injecting  defibrin- 
ated  blood  through  the  lungs  of  an  animal  jnst  killed.  We 
have  also  observed  that  an  injection  passes  through  the  lungs 
as  easily  when  they  are  collapsed  as  when  they  are  inflated. 
The  anatomy  of  the  circulatory  system  in  the  lungs  and  of 
the  right  side  of  the  heart  shows  that  the  blood  must  pass 
through  these  organs  with  comparative  ease.  The  power  of 
the  right  ventricle  is  evidently  less  than  half  that  of  the  left, 
and  the  pulmonary  artery  will  sustain  a  much  less  pressure 
than  the  aorta. 

The  two  sides  of  the  heart  act  simultaneously ;  and  while 
the  blood  is  sent  by  the  left  ventricle  to  the  system,  it  is  sent 
by  the  right  ventricle  to  the  lungs.  Some  physiologists  have 
endeavored  to  measure  the  pressure  of  blood  in  the  pulmo- 
nary artery.  The  only  experiments  which  have  not  involved 
opening  the  thoracic  cavity,  an  operation  which  must  inter- 
fere materially  with  the  pressure  of  blood  in  the  pulmonary 
artery,  as  it  does  with  the  general  arterial  pressure,  are  those 
of  C9iauveau  and  Faivre.*  These  observers  measured  the 
pressure  by  connecting  a  cardiometer  with  a  trocar  intro- 
duced into  the  pulmonary  artery  of  a  living  horse,  through 
one  of  the  intercostal  spaces,  and  found  it  to  be  about  one- 
third  as  great  as  the  pressure  in  the  aorta ;  an  estimate  which 
corresponds  pretty  nearly  with  the  comparative  power  of  the 
two  ventricles,  as  deduced  from  the  thickness  of  their  muscu- 
lar walls. 

Anatomy  teaches  us  that  the  capillaries  of  the  lungs  have 
exceedingly  delicate  walls ;  and  it  is  evident  that  rupture  of 
these  vessels  from  excessive  action  of  the  heart  would  lead  to 

*  LoNOR,  TraiU  de  Physiohgie^  Paris,  1861,  tome  i.,  pp.  886,  887. 
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grave  results.  It  has  already  been  noted  that  on  the  right 
side  the  hings  are  protected  by  an  insufficiency  of  the  auri- 
culoventrieular  valveSj  which  does  not  exi&t  on  tlie  left  side, 
allowing  of  a  certain  degree  of  regurgitation  -when  the  heart 
i%  acting  with  unusual  force,  and  thus  relieving,  to  a  certain 
extent,  the  pulmonary  Byetem,  This  was  pointed  out  by  Mr. 
King  of  London,  and  called  the  safety-valve  function  of  the 
right  ventricle.'  We  have  noticed,  in  the  heart  of  the  ox,  a  like 
disparity  between  the  aortic  and  pulmonic  semilunar  valves* 
If  these  be  exposed  on  l>oth  aides  by  cutting  away  portions  of 
the  ventricleSj  and  a  current  of  liquid  be  forced  against  them 
through  the  vesBels^  the  aortic  ralves  will  be  found  to  entire- 
ly prevent  the  passage  of  the  liquid j  even  under  ven*  great 
pressure,  while  the  pulmonic  valves  permit  regurgitation  un- 
der a  very  inconsiderable  pressure.  A  little  reflection  will 
make  it  evident  that  when  the  heart  is  acting  with  undue 
Ibrce  it  is  quite  as  important  to  relieve  the  lungg  by  a  certain 
amount  of  regurgitation  from  the  ]>nlnionary  artery,  as  by 
iusiifficiencT  of  the  tricuspid  valvee.  This  insufficiency  k 
importaut,  both  at  the  auriculo-ventricular  and  puhnonie  ori- 
tices,  in  protecting  the  delicate  structure  of  the  lungs  from 
the  variations  in  force  to  which  the  action  of  both  ventricle& 
is  constantly  liable. 

On  microscopic  examination  of  tJie  circulation  in  the 
lower  animals,  as  the  frog,  the  movement  of  blood  in  the  ca- 
pillaries of  the  lungs  does  not  present  any  differences  fi^m  the 
capillary  circulation  in  other  parts ;  except  that  the  vessels 
seem  more  crowded  with  corpuscles,  and  there  is  no  **  still 
layer  "  next  their  walls. 

There  are  no  forces  of  any  moment  which  are  superadded 
to  the  action  of  the  right  ventriclCj  in  the  production  of  the 
arterial,  capillary,  or  venous  circulation  in  the  lungs;  but 
tliere  arc  certain  conditions  which  may  obstruct  the  flow  of 
blood  through  these  parts.  We  have  already  noted  the  effect 
of  introduction  of  air  into  the  veins,  in  blocking  up  the  capil- 

*  Giifs  Hi>gpitd  Mqx^Ut  1837* 
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lanes  of  the  lungs,  and  preventing  the  passage  of  I)lood.     It 
is  a  view  pretty  generally  entertained,  that  in  asphyxia  the 
non-aeration  of  the  blood  obstructs  the  pulmonary  circula- 
tion.    We  have  already  considered  this  subject  rather  fully 
in  treating  of  the  general  ejBTects  of  arrest  of  respiration  on 
the  circulation.    The  celebrated  experiments  of  Bichat  dem- 
onstrated the  passage  of  black  blood  through  the  lungs  in  as- 
phyxia, and  its  presence  in  the  arterial  system.     The  experi- 
ments of  Dalton  and  others  have  shown  that  in  this  condi- 
tion, the  obstruction  to  the  circulation  occurs  first  in  the  sys- 
temic capillaries,  and  the  distention  is  propagated  backward 
through  the  great  vessels  and  left  cavities  of  the  heart  to  the 
right  side.    When  the  heart  is  exposed  in  a  living  animal, 
and  artificial  respiration  is  kept  up,  arrest  of  respiration 
produces  engorgement  and  labored  action  of  both   sides. 
Tliere  are  no  observations  which  show  that  increase  of  press- 
ure in  the  pulmonary  artery  is  the  first  and  immediate  result 
of  asphyxia.     It  is  true,  that  after  death  the  right  side  of  the 
heart  is  engorged;  but  it  is  well  known,  from  observations 
after  death,  and  experiments  on  living  animals,*  that  the 
tonic  contraction  of  the  arteries  is  competent  to  empty  the 
Hood  into  the  veins ;  and  the  facts  just  stated  regarding  the 
insuflSciency  of  the  pulmonic  semilunar  valves  explain  how 
the  right  side  of  the  heart  may  become  engorged  as  the  result 
of  obstruction  to  the  blood-current  in  the  left  side.     Estab- 
lished facts  seem  to  show  that  asphyxia  does  not  primarily 
affect  the  pulmonary  circulation;  but  that  it  is  possible  for 
^venous  blood  to  pass  through  the  lungs  without  undergoing 
srterialization. 

General  Rapidity  of  the  Circulation, 

Several  questions  of  considerable  physiological  interest 

arise  in  connection  with  the  general  rapidity  of  the  circulation : 

1.  It  would  be  interesting  to  determine,  if  possible,  what 

'  See  experiments  by  Maosmdie  on  the  causes  of  the  circulation  In  the  veins. 
^^ridi  iUmeniaire  de  Physiohgie,  Paris,  1833,  tome  il,  p.  891. 
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length  of  time  is  occupied  bj  tlie   Mood  in  its  passage 
througli  the  entire  circuit  of  both  the  lesser  and   great 
circtilationsw 

2.  Wlmt  IS  the  time  required  for  the  passage  of  the  entire" 
m$m  of  IJood  through  tbe  heart  I 

3.  What  influence  bae  the  number  of  pulsations  of  the 
heart  on  the  general  rapidity  of  the  circulation  ? 

The  tirst  of  theee  questions  is  tlie  one  which  has  been 
most  fiatisfactorily  answered  by  experimenta  on  liring  ani- 
mals*    In  1S27,  Herijxg/  a  German  phy&iologistj  performed 
the  experiment  of  injecling  into  the  jugular  vein  of  a  livmg 
animal  a  harmlees  substance,  which  could  lie  easily  recog- 
nized by  its  chemical  reactioDB^  and  noted  the  time  wlueh 
elapsed  beibre  it  could  be  detected  in  the  blood  of  the  vein  of 
the  opposite  side.    This  gave  the  first  correct  idea  of  the  rapjd^     i, 
ity  of  the  circulation ;  for  though  the  older  physiologists^  sndjfl 
as  Ilallerj  IlaleSj  and  Keill,  had  sttidietl  the  subject,  their  esti^^ 
mates  were  founded  on'  calculations  which  had  no  accurate 
basiBj  and  gave  very  different  regulta.     The  experiment 
Hering  is  often  roughly  performed  as  a  physiological  dein* 
stration ;  and  we  have  thus  had  fi'cquent  occasiona  to  veri 
in  a  general  way,  its  accuracy.    If,  for  example,  we  ex 
both  jugidars  of  a  dog,  inject  into  one  a  solution  of  ferroc; 
anide  of  potassium  in  water,  and  draw  a  spCH*imen  of  blo^ 
fironi  the  other  with  m  little  loss  of  time  as  possible^  it  wil 
be  found  J  that  in  twenty  or  thirty  seconds  after  the  injectioi 
the  salt  has  had  time  to  pass  from  the  jugular  to  tjjc  rig] 
heart,  thence  to  the  lungs  and  left;  heart,  Irom  this  tbrouj 
the  capillaries  of  the  head  and  face  back  to  the  jugular  on 
the  opposite  side.     Its  presence  can  be  determined  by  tl 
distinct  blue  color  produced  on  the  addition  of  tlie  percl 
ride  of  iron  to  the  serum,  if  the  specimen  be  allowed 
stand,  or  a  clear  extract  of  the  blood  may  be  made  by  btnli 
with  a  little  sulphate  of  soda  and  filtering,  treating  the  eol 
less  liquid  thus  obtained  with  the  salt  of  iron, 

*  MiJ*3CK-EDWAfiM,  Ltfona  tur  h  i%»i9%ir,  U>mc  ir,,  p,  362,  note* 
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The  experiments  of  Ilering  were  evidently  conducted  with 
great  care  and  accuracy.  He  drew  the  blood  at  intervals  of 
five  seconds  after  the  commencement  of  the  injection,  and 
thus,  by  repeated  observations,  ascertained  pretty  nearly  the 
rapidity  of  a  circuit  of  blood  in  the  animals  on  which  he  ex- 
perimented. Others  have  taken  up  these  investigations,  and 
introduced  some  modifications  in  the  manipulations.  Vier- 
ordt  collected  the  blood  as  it  flowed,  in  little  vessels  fixed  on 
a  disk  revolving  at  a  known  rate,  which  gave  a  little  more 
exactness  to  the  observations ; '  but  the  method  is  essentially 
the  same  as  that  employed  by  Hering,  and  the  results  obtain- 
ed by  these  two  observers  nearly  correspond. 

The  length  of  time  occupied  by  a  portion  of  blood  in 
making  a  complete  circuit  of  the  vascular  system,  in  the  hu- 
man subject,  is  only  to  be  deduced  from  observations  on  the 
inferior  .animals ;  but  before  this  application  is  made,  it  will 
be  well  to  examine  the  objections,  if  any  exist,  to  the  experi- 
mental procedure  above  described. 

The  only  objection  which  could  be  made  is,  that  a  saline 
solution,  introduced  into  the  torrent  of  the  circulation,  would 
have  a  tendency  to  diffuse  itself  throughout  the  whole  mass 
of  blood,  it  might  be,  with  considerable  rapidity ;  and  that 
this  fact  is  opposed  to  the  proposition  that  the  salt,  when  de- 
tected in  a  specimen  of  blood  drawn  from  a  given  vessel,  is 
simply  carried  there  by  the  force  of  the  blood-current.  This 
objection  to  the  observations  of  Ilering  has  been  made  by 
Matteucci,  and  is  considered  by  him  as  fatal  to  their  accu- 
raqr.*  It  certainly  is  an  element  which  should  be  taken  into 
acGonnt;  but  from  the  definite  data  which  have  been  ob- 
tained concerning  the  rapidity  of  the  arterial  circulation,  and 
the  inferences  which  are  unavoidable  with  regard  to  the  ra- 
pidity of  the  venous  circulation,  it  would  seem  that  the  saline 
solution  must  be  carried  on  by  the  mere  rapidity  of  the  arte- 
rial flow  to  the  capillaries,  which  are  very  short,  taken  up 

'  MiLra-EowABD0,  loc,  cit, 

*  MATnuoci,  Phmomines  Fhyngue$  den  Corps  VivanU^  p.  826  et  scq. 
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from  tljem,  and  carriec!  on  by  the  yeins,  and  thus  through  the 
entire  circuit,  hefore  it  has  had  time  to  diffme  itself  Buffir 
denMy  to  inieffere  with  tJie  ohervaiian*  It  is  not  apparent 
how  this  i^bjection  can  be  overcome,  for  a  substance  must  he 
used  which  will  mix  with  the  blood,  otherwise  it  catild  not 
pass  through  the  capillaries.  The  objection  made  by  Mat- 
teuccij  especially  as  it  does  not  appear  how  t)ie  difficulty  can 
he  obviate<l, BeeuiB  an  unnecessary  refinement;  ibr  the  ques- 
tion itself  is  not  one  of  vital  importance,  on  which  depends 
an  important  physiological  principle,  hut  simply  one  to 
which  a  tolerably  close  approximation  of  the  exact  truth  is  a 
sufficient  answer.  It  is  interesting  to  know  that  the  varied 
and  complicated  actions  which  we  have  been  studying  effect 
a  single  complete  circuit  of  the  blood  in  about  half  a  min- 
ute ;  but  it  makes  no  great  difference  whether  it  be  four  or 
five  seconds  more  or  less-  In  this  statement,  we  must  not  he 
understood  as  denying  the  value  of  the  closest  possible  accu- 
racy in  physiological  iuvestigations ;  but  it  is  evident  that 
tki^  accuracy  is  important  in  proportion  to  the  importance 
of  the  question,  in  itself,  and  in  it^  physiological  relations. 

There  seems  no  reason  why,  with  the  above  restrictions, 
the  results  obtained  by  Hering  should  not  be  accepted,  and 
their  application,  as  far  as  possible,  made  to  the  human 
subject. 

Hering  found  that  the  rapidity  of  the  circulation  in  dif- 
ferent animals  was  in  inverse  ratio  to  tlieir  size,  and  in  direct 
ratio  to  the  rapidity  of  the  action  of  the  heart. 

The  following  are  the  mean  results  in  certain  of  the  do- 
mestic animalSj  taking  the  course  from  jugular  to  jugular, 
when  the  blood  passes  through  the  lungs  and  through  the 
capillai'ie*  of  the  face  and  head : 

In  tha  ETorse,  the  cinmktion  la  &c«om^lUhcd  in  %1*Z  seconds, 

"    *Go*l,  "  «  12%      " 

»     Rabbit,  "  **  S'9       **  * 

^  MiL^Sr^owAMm,  ^.  di^    VIerordt  found  tbd  mean  ropidhy  in  tbv  hofflo 
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Applying  these  results  to  the  hnman  subject,  taking 
into  account  the  size  of  the  body  and  the  rapidity  of  the 
heart's  action,  the  duration  of  the  circuit  from  one  jugular 
to  the  other  is  estimated  at  21*4  seconds,  and  the  general 
average  through  the  entire  system  at  23  seconds.  This  is 
simply  approximative ;  but  the  results  in  the  inferior  ani- 
mals may  be  received  as  very  nearly,  if  not  entirely, 
accurate. 

An  estimate  of  the  time  required  for  tlie  passage  of  the 
whole  mass  of  blood  through  the  heart  is  even  less  definite 
than  the  estimate  of  the  general  rapidity  of  the  circulation. 
To  arrive  at  any  satisfactory  result,  it  is  necessary  to  know  the 
entire  quantity  of  blood  in  the  body,  and  the  exact  quantity 
which  passes  through  the  heart  at  each  pulsation.  If  we 
divide  the  whole  mass  of  blood  by  the  quantity  discharged 
from  the  heart  with  each  systole  of  the  ventricles,  we  ascer- 
tain the  number  of  pulsations  required  for  the  passage  of  the 
whole  mass  of  blood  through  the  heart ;  and,  knowing  the 
number  of  beats  per  minute,  can  ascertain  the  length  of  time 
thus  occupied. 

The  objection  to  this  kind  of  estimate  is  the  inaccuracy 
of  the  data  respecting  the  quantity  of  blood  in  the  system, 
and  the  quantity  which  passes  through  the  heart  with  each  ' 
pulsation.  Nevertheless,  an  estimate  can  be  made,  which, 
if  it  be  not  entirely  accurate,  cannot  be  very  far  from  the 
trnth. 

The  entire  quantity  of  blood,  according  to  estimates 
which  seem  to  be  based  on  the  most  reliable  data,  is  about 
one-eighth  the  weight  of  the  body,  or  eighteen  pounds  in  a 
man  weighing  one  hundred  and  forty-five.  The  quantity 
discharged  at  each  ventricular  systole  is  estimated  by  Valen- 
tin at  five  ounces,  and  by  Volkmann  at  six  ounces.*     In 

to  be  28*8  Beconds.  In  experimenting  on  the  crural  Tein,  this  obsenrer  found 
that  the  drculation  in  the  lower  extremities,  probably  from  the  greater  length  of 
the  Teasels,  occupied  from  one  to  three  seconds  more  than  in  the  head. 

'  Todd  and  Bowman,  Phynological  Anatomy^  American  edition,  1867,  p.  704. 
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treating  of  the  capacity  of  tlie  cliffereDt  cavntias  of  tlie  lieart, 
it  lias  been  noted  that  the  left  Tentricle,  wlien  fully  disteud- 
©dj  contains  from  fire  to  eeren  ounces,  AssiimiDg  that  at 
each  sjetole  the  left  ventricle  discharges  all  its  blootl,  except 
perhaps  a  few  dropSj  and  that  this  quantity  in  an  ordinary- 
sizetl  man  i^  five  ounces  (for  in  the  egtimateB  of  Robin  and 
Hifteleheiin,  the  cavities  were  fully  distended,  and  containc?d 
more  than  under  the  ordinary  conditions  of  the  circulation),  it 
would  require  fifty -eight  pukations  for  the  passage  tlirough 
the  heart  of  the  entire  mass  of  blood.  Assuming  the  pulea- 
tiona  to  be  seventy-two  per  minute,  this  would  occupy  about 
fortif-eighi  seconds. 

We  have  given  elsewhere  the  opinions  of  various  plij^sioh 
ogitits  on  the  qnantity  of  blood  in  the  body,  and  the  capacity 
of  the  cardiac  cavities,  and  shall  not  discuss  the  discordant 
views  on  the  "  duration  of  the  circulation,"  as  each  ia  biiaed 
on  different  opinionti  regarding  the  two  essential  questions  in 
the  problem.  As  the  quantity  of  blood  in  the  Ixnly  is  sub* 
jeet  to  certain  physiolc^ical  variations^  there  ihould  be  cor- 
responding variations  in  the  duration  of  the  circulation, 
wliich  it  is  unnecesaary  to  take  up  fully  in  this  connection* 

The  almost  instantaneous  action  of  certain  poisons,  which 
"must  act  through  the  blood,  confirms  onr  ideas  with  regani 
to  tiic  rapidity  of  the  circulation.  The  interval  between  the 
introduction  of  some  agents  (strychnine  for  example)  into  the 
circulation  J  and  the  cliaracteristic  effects  on  the  sy^t^m,  have 
been  cai'eftiliy  noted  by  Blake,^  whose  observations  coincide 
pretty  closely  in  tlicir  results  with  the  experinients  of 
Hering. 

The  relation  of  the  rapidity  of  the  circulation  to  the  fre- 
quency of  the  heart's  action  is  a  question  of  considerable  in- 
tei*e^t,  ^vhich  was  not  neglected  in  the  experiments  uf  lie- 
ring.  It  is  evident  that  if  the  charge  of  blood  sent  into  ihe 
arteries  he  the  same,  or  nearly  the  same,  under  all  eircum- 

*  Ediiiimr^h  M<d.  and  ^ur^jfieal  Ji^umtd,  IMOt  TOl  liil,  p,  3ft,  Mtd  1641,  rut 
Itl.,  p,  412. 
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Btances,  any  increase  in  the  number  of  pulsations  of  the  heart 
would  produce  a  corresponding  acceleration  of  the  general 
current  of  blood.  But  this  is  a  proposition  which  cannot  be 
taken  for  granted;  and  there  are  many  facts  which  favor 
a  contrary  opinion.  It  may  be  emmciated  as  a  general  rule, 
that  when  the  acts  of  the  heart  increase  in  frequency,  they 
diminiflh  in  force ;  which  renders  it  probable  that  the  ven- 
tricle is  most  completely  distended  and  emptied  when  its  ac- 
tion is  moderately  slow.  When,  however,  the  pulse  is  very 
much  accelerated,  the  increased  number  of  pulsations  of  the 
heart  might  be  sufficient  to  overbalance  the  diminished  force 
of  each  act,  and  increase  the  rapidity  of  the  circulation. 

Hering  has  settled  these  questions  experimentally.  His 
observations  were  made  on  horses  by  increasing  the  frequen- 
cy of  the  ptdse,  on  the  one  hand,  physiologically,  by  exercise, 
and  on  the  other  hand,  pathologically,  by  inducing  inflamma- 
tory action.  He  found,  in  the  first  instance,  that  in  a  horse,  with 
tiie  heart  beating  at  the  rate  of  36  per  minute,  with  8  respi- 
ratory acts,  ferro-cyanide  of  potassium  injected  into  the  jugu- 
lar appeared  in  the  vessel  on  the  opposite  side  after  an  inter- 
val of  from  20  to  25  seconds.  By  exercise,  the  number  of 
pulsations  was  raised  to  100  per  minute,  and  the  rapidity 
of  the  circulation  was  from  15  to  20  seconds.  The  observa- 
tions were  made  with  an  interval  of  24  hours.  The  same 
results  were  obtained  in  other  experiments.*  Here  there  is 
a  considerable  increase  in  the  rapidity  of  the  circulation  fol- 
lowing a  physiological  increase  in  the  number  of  beats  of  the 
heart ;  but  the  value  of  each  beat  is  materially  diminished  ; 
otherwise  the  rapidity  of  the  current  would  be  increased 
about  three  times,  as  the  pulse  became  three  times  as  frequent. 
In  its  tranquil  action,  with  the  pulse  at  36,  the  heart  con- 
tracted thirteen  times  during  one  circuit  of  blood ;  while  it 
required  twenty-nine  pulsations  to  send  the  blood  over  the 
Hune  course,  after  exercise,  with  the  pulse  at  100 ;  showing  a 

Hiuis-Edwabds,  Lefons  sur  la  Physiohgie^  tome  It.,  p.  871,  note. 
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dimiaution  in  the  value  of  the  Tentriciilar  systole  of  more 
than  one-half* 

In  animals  Buffering  under  inflammatory  fever,  either 
Bpontaneoua  or  produced  by  ifritant^,  the  same  observer 
found  a  diminntion  in  the  rapidity  of  the  circiulation,  accom- 
panying acceleration  of  the  pulse.  In  one  observation,  in- 
flammation  was  produced  in  the  horse  by  the  injection  of 
ammonia  into  the  pericardium.  At  the  commencement  of  the 
ej£periment,  the  pulse  was  from  72  to  84  per  minute,  and  the 
duration  of  the  circulation  about  25  Becondi.  The  next  day, 
with  the  pulse  at  90,  the  circulation  was  accomplished  in 
from  35  to  40  eecondu ;  and  the  day  following,  with  the  pulse 
at  100,  the  rapidity  of  the  circulation  was  diminished  to  from 
40  to  45  seconds* 

If  we  are  justified  in  applying  these  obsen-^ations  to  the 
human  subject  (and  there  is  no  reascm  why  this  should  not 
1)6  done),  it  id  sliown  that  when  the  pulse  is  accelerated  in 
diseaae.  tlie  value  of  the  contractions  of  the  heart,  as  rep- 
resented by  the  qnautity  of  blood  discharged,  bears  an 
inverse  ratio  to  their  number  j  and  is  so  much  diminished 
as  absolutely  to  produce  a  current  of  less  rapidity  tliaii 
norm  ah 

With  regard  to  the  relations  between  the  rapidity  of  the 
hearths  action  and  the  general  rapidity  of  the  circulation,  the 
following  conclusions  may  be  giyen  as  the  result  of  experi- 
mental inquiry: 

1.  In  physiolAMjkal  merease  tn  tAs  nnmher  of  hecUs  0/  (M 
hearty  as  ifie  remdt  of  e^srcim^fQT  examph^^  th-e  getiertd  elrmr 
lotion  is  8omeii)hat  hwreased  in  rapidity^  tfiou^h  not  in  pro- 
portum  to  t^ie  increms  in,  ihsp\tUe, 

2.  In  pathological  increase  of  the  hearts  actimi^  aa  in 
fehriU  movemmit^  th^  rapidity  of  t/ie  getieral  eirmdatiofi  ii 
generally  dimhmhed^  it  may  Sd,  to  a  very  grea^  extent, 

3.  Whenever  the  number  of  heata  qf  ilie  fieart  is  mnrnder- 
ahly  increased  from  any  eause^  the  quantity  of  hlood  df^ 
charged  at  each  mniricviar  ^yd^le  is  very  much  dimini^Ii^d^ 
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eiiJier  frofn  la<*k  of  mmpleie  d^kteniian^  or  from  imperfect 
emptying  qftJte  camtit^d.^ 

Phmom^mu  in  tite  Cirmdatary  Sf/sieffi  after  DeaiA,—We 
do  not  believe  that  anyone  lias  proven  the  existence  of  a 
force  in  the  capillaries  or  the  tissues  (capillary  power)  which 
materially  assists  the  circulation  during  life^  or  produces  any 
luovement  immetliatcly  after  death;  and  shall  nut  digeusa 
farther  the  extraordinary  post-mortem  phenomena  of  circu- 
lation, particularly  those  which  have  been  observed  by  Dr, 
Dowler  in  subjects  dead  of  yellow  fever/  But  nearly  every 
autopsy  ehows  that  after  death  the  blood  does  not  remain 
equally  distributed  in  tlie  arteries,  capillaries,  and  veiuB* 
Influenced  by  gravitation,  it  accumulates  lu  and  discolors  the 
most  dependent  parts  of  the  body.  The  arteries  are  always 
found  empty,  and  all  the  blood  in  the  body  accumulates  in 
the  venous  system  and  capillaries ;  a  fact  which  was  observed 
by  the  ancients,  and  gave  rise  to  the  belief  that  the  arteries, 
as  their  name  implies,  were  air-bearing  tubes- 

This  phenomenon  has  long  engaged  the  attention  of  phys- 
iologists, who  have  attempted  to  explain  it  by  Yarious 
theories*  Without  discussing  the  views  on  this  subject  an- 
terior to  onr  knowledge  of  the  great  contractile  power  of  the 
arteries  as  compared  with  other  vessels,  we  may  cite  the  ex- 
periment of  Magendie,  already  refeiTed  to,'  aa  offering  a 
satisfactory  explanation.  Ii*tbe  artery  and  vein  of  a  limb  be 
e^poeed  in  a  living  animal,  and  all  the  other  vessels  be  tied, 
compression  of  the  artery  docs  not  immediately  ^irrest  tbo 
current  in  the  vein,  but  the  blood  will  continue  to  flo^v  until 
the  artery  is  entirely  emptied.     The  arter}",  when  relieved 

^  SieaA  freftt  tftrUtioiu  la  tba  vmlua  of  tb«  renMmilar  sjitole,  amounting 
|tbe  experimi^Qt  on  the  betdUijr  Aoiniiil,  to  a  diminntion  of  one^haLf^  aj  Uio 
F  viefctiie,  ebow  tbe  unt.'w^rttil^iy  of  Ibia  hAis\&  of  ih^Ac  ^titn^t^  with  regard 
t0  tbetitiie  required  for  Uie  entire  mass  of  blood  to  pass  ttiroug^b  the  heart,  wbicli 
•re  cftlculAted  from  tbc  etitire  quantilj  of  blood,  the  qunntitj  dlscbtirgtMl  from  tlio 
ht'irt  ai  e^b  puliation,  sad  the  nutaber  of  pul^ationa  per  minute. 
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from  the  distending  force  of  the  heart,  reacts  on  ita  contents 
by  virtue  of  its  contractile  coat,  and  completely  empties  itself 
of  blood.  An  action  similar  to  this  takes  place  after  death 
throughout  the  entire  arterial  system.  The  vessels  react  on 
their  contents,  and  gradually  force  all  the  blood  into  and 
through  the  capillaries,  which  are  very  short,  to  the  veins, 
which  are  capacious,  distensible,  and  but  slightly  contractile. 
This  begins  immediately  after  death,  while  the  irritability  of 
the  muscular  coat  of  the  arteries  remains,  and  is  seconded  by 
the  subsequent  cadaveric  rigidity,  which  aflfects  all  the  in- 
voluntary, as  well  as  the  voluntary  muscular  fibres.  Once  in 
the  venous  system,  the  blood  cannot  return  on  account  of  the 
valves.  Thus  after  death  the  blood  is  found  in  the  veins  and 
capillaries  of  dependent  parts  of  the  body. 


CHAPTEE  X. 

KESPmATION. 

General  consideratioiifl — ^Physiological  anatomy  of  the  respiratory  organs — Respi- 
ratory movements  of  the  larynx — ^Epiglottis — ^Trachea  and  bronchial  tubes — 
Parenchyma  of  the  lungs — Carbonaceous  matter  in  the  lungs — ^MoTements  of 
respiration — ^Inspiration — ^Muscles  of  inspiration — ^Action  of  the  diaphragm — 
Action  of  the  scaleni— -Intercostal  muscles — ^Levatores  costarum — ^Auxiliary 
muscles  of  inspiration. 

The  characters  of  the  blood  are  by  no  means  identical  in 
the  great  divisions  of  the  vascular  system ;  but  thus  far,  phys- 
iologists have  been  able  to  investigate  only  the  differences 
which  exist  between  arterial  and  venous  blood ;  for  the  capil- 
laries are  so  short,  communicating  directly  with  the  arteries 
on  the  one  side  and  the  veins  on  the  other,  that  it  has  been 
impossible  to  obtain  a  specimen  of  blood  which  can  be  said 
to  belong  to  this  system.  In  the  capillaries,  however,  the 
nutritive  fluid,  which  is  identical  in  all  parts  of  the  arterial 
system,  undergoes  a  remarkable  change,  rendering  it  unfit 
for  nutrition.  It  is  then  known  as  venous  blood;  and, 
as  we  have  seen,  the  only  ofiice  of  the  veins  is  to  carry  it 
back  to  the  right  side  of  the  heart,  to  be  sent  to  the  lungs, 
where  it  loses  the  vitiating  materials  it  has  collected  in  tlie 
tissues,  takes  in  a  iresh  supply  of  the  vivifying  oxygen,  and 
goes  to  the  left  or  systemic  heart,  again  prepared  for  nutri- 
tion. As  the  processes  of  nutrition  vary  in  diflerent  parts  of 
the  organism,  necessarily,  there  are  corresponding  variations 
23 
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in   the   composition  of  the  blood  tlirougliout  the  Teiious 

The  irnportant  principles  which  are  given  oif  by  the 
lungs  are  exhaled  from  the  blood  ;  and  the  gas  which  digap- 
pears  from  the  air  is  abBorbed  bv  the  blood,  mainly  by  ita 
corpuscular  elements, 

A  proper  6n]>ply  of  oxygen  Ib  indispensable  to  nutrition, 
and  even  to  the  comparatively  mechanical  process  of  circula- 
tion ;  but  it  is  BO  less  neeessaty  to  the  vital  processes  that 
carbonic  acid,  which  the  blood  acquires  in  the  tissues,  should 
be  given  offi 

Resptrailon  wwry  he  defned  to  he  tAe  prooeae  hy  which 
iiiS  wysUtn  receives  ogeijgeu^  and  is  relieved  of  carhonie  aetd. 

As  it  is  almost  exclusively  through  the  blood  that  the 
tissues  and  organs  are  supplied  with  oxygen,  and  as  the 
blood  receives  and  exhales  most  of  the  carboinc  acid,  the  re- 
spiratory process  may  be  said  to  consist  chiefly  in  the  change 
of  venous  into  arterial  blood.  But  experiments  have  demon- 
strated that  the  tissues  themselves,  detaclied  from  the  body^^^ 
and  placed  in  au  atmosphere  of  oxygen,  will  absorb  this  goil^^ 
and  exhale  carbonic  acid,*  Under  these  circumetanee^,  they 
certainly  respire,  and  it  is  evident,  thei"etbre,  that  in  thipi 
process  the  intervention  of  the  blood  is  not  an  absolute 
necessity. 

The  tide  of  air  in  the  lun^  does  not  constitute  respiratioi 
aa  we  now  understand  it.  These  organs  only  serve  to  faei^ 
tate  the  introduction  of  air  into  the  blood,  and  the  exhalation 
of  carbonic  acid.  If  the  system  be  drained  of  blood,  or  if  the 
blood  be  rendered  incapable  of  interchanging  its  gases  with 
the  air,  respiration  ceases,  and  all  the  phenomena  of  asphyxia 
are  presented,  though  air  be  introduced  into  the  lungs  with 

*  G,  Liebig  demoostrat^jd  that  the  iiiusclca  of  the  fhjg^  sc^parated  frona  Uie 
bcKly  ftiid  qappf Lilly  fr<?od  fi^utti  blood,  will  continue  to  absorb  oxygen  nud  eilml© 
carbonic  ^id  ae^  lo^g  ns  they  rctaiti  their  irritahllity^  (LKmtA?ri4,  Ph^Qlo^iati 
CfiamiMtiry^  Philaddphia,  1S55|  i^ol  Vu^  pp.  24  7^  4H.) 
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nttnogt  regularity*     It  must  be  remembered  tlmt  the  es- 
lial  processes  of  respiration  take  place  in  all  tlie  tieisueB 
and  organs  of  the  ajBteiu,  and  not  in  the  hmga.     Rei^piratiaB 
is  a  process  iimilar  to  what  are  known  as  the  processes  of 
nutrition  ;  and  although  it  is  ranch  more  active  and  uniform, 
as  far  as  its  products  are  concerned,  than  the  ordinary  nutri- 
tive acts,  it  is  inseparably  connected  with,  and  strictly  a  part 
af  the  general  process.    As  in  the  nutrition  of  the  substance 
of  tiasnes,  certain  principles  of  the  blood,  fibrin  and  albu- 
men, for  example,  united  with  inorganic  principles,  are  used 
up,  transformed  into  the  tissue  itself^  finally  changed  into 
excrementiouB  prodnct^,  such  as  urea  or  cholcsterine,  and  dis* 
charged  from  the  body,  so  the  oxygen  of  the  blood  is  appro- 
■  priated,  and  carbonic  acid,  which  is  an  excrementitious  prod- 
K  net,  priHlnced  w^henever  tissues  are  worn  out  and  regener- 
HpMedp     There  is  a  necessary  and  inseparable  connection  be- 
"tween  all  these  processes ;  and  they  must  be  considered^  not 
aa  distinct  functions,  but  as  difierent  parts  of  the  one  great 
function  of  nutrition.     As  we  are  as  jet  unable  to  follow  out 
all  the  changes  which  take  place  1  jet  ween  the  appropriation 
of  nutritive  materials  from  the  bloody  and  the  production  of 

I  effete  or  excrementitious  substances,  it  is  impossible  to  my 
jirecisely  how  the  oxygen  is  nsed  by  the  tissues,  and  how  the 
carbonic  acid  is  produced.  We  only  know  that  more  or  less 
oxygen  is  necessary  to  the  nutrition  of  all  tissues^  in  all  ani- 
mals, higb  or  low  in  the  scale,  and  that  they  produce  a  cer- 
I  tain  quantity  of  carbonic  acid-  The  fact  that  oxygen  is  con- 
Btimed  with  much  greater  rapidity  than  any  other  nutritive 
principle,  and  that  tlie  production  of  carbonic  acid  is  corre- 
spondingly active  J  as  (compared  w^ith  otlier  effete  products, 
points  pretty  conclusively  to  a  connection  between  the  ab- 
sorption of  the  one  principle  and  the  production  of  the  other. 
In  aspliyxia,  indeed,  it  is  difficult  to  say  which  destroys 
life,  the  absence  of  oxygen  or  the  accumulation  of  carbonic 
acid. 

In  6orae  of  the  lowest  of  the  iulerior  animals^  there  la 
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no  special  respiratory  organ,  tlie  interchange  of  gnses  l>eing 
effected  through  the  general  enrface*  Higher  in  the  animal 
Bcralo,  special  organs  are  foimdj  which  are  called  gillSj  when 
the  aniinalB  live  under  water  and  respire  tlie  air  which  is  in 
solution  ia  the  watefj  and  hingSj  when  the  air  is  introdue4?d 
in  its  gaseous  form,'  Animals  poefiesged  of  Yungs  have  a  tol- 
erahlj  perfect  circulatory  apparatus,  so  that  the  blood  is 
made  to  pass  continuaUy  through  the  respiratory  oi^tis«  In 
the  hmnan  subject  and  warm-blooded  auiraals  generally,  the 
hmgs  are  very  complex,  and  present  au  immense  guiface 
by  which  the  blood  m  exposed  to  the  air^  only  separated  from 
it  by  a  delieate  permeable  membrane.  These  animals  are 
likewise  provided  with  a  epecial  lieart,  which  baa  the  duty  of 
carrying  on  the  pulmonary  circulation.  Though  respiration 
IB  canied  on  to  some  extent  by  the  general  surface,  the  limgs 
are  the  important  and  essential  organi  in  which  the  inter- 
change of  gases  takes  place. 

The  essential  conditions  tor  respiration  in  animals  which 
have  a  circulating  nutritive  fluid  ai'c:  air  and  bloody sepct- 
rat^d  hy  a  m^mJjraiie  v^hich  will  aUmc  t-ke  pmsage  qf  gases. 
The  eflete  products  of  resph*ation  in  the  blood  pais  ont  and 
vitiate  the  air.  The  air  is  deprived  of  a  certain  portion  of  its 
oxygen,  which  passes  into  the  blood,  to  be  cony  eyed  to 
the  tissues*  Thus  the  air  must  be  changed  to  supply  fresh 
oxygen  and  get  rid  of  the  carbonic  acid.  The  rapidity  of 
this  change  is  in  proi>ortion  to  the  nutritive  activity  of  the 
animal  and  the  rapidity  of  the  circulation  of  the  blood/ 

'  In&ecta  Imre  no  hmgs ;  but  the  air  is  dUsem muted  throogliout  Uie  orgaaism 
bj  a  system  of  air-beiiriiig  ttibt'S  {imt  arteries )^  ortmchwe^  and  h  protuibl^  «,|i^ 
propriited  directly  by  the  tiasueiij  without  the  iuterreotion  of  tht*  blood, 

^  The  tDiiiiuL*r  la  wliich  this  change  of  nlr  is  efTeett^d  iu  thi*  different  cks^es  of 
ftuiroala  coostitutea  out*  of  the  most  mtei^sting  subjecta  in  corop»TOi^ve  physiiolocy. 
Ita  atudy  hod  shown  how,  a^  we  pfta*  from  the  lower  to  the  higher  orders  of  urn- 
mids^  nud  the  fuaetioDS  become  more  active,  n  divisiou  of  labor  takc^  phtcv. 
FuuctiouB  which  iu  the  lowest  animali^  hare  uu  special  or<;auit^  otic  part,  o^  the 
inteigmnent  or  alUneutarj*  tnick^  perforuimg  ?iiaiiy  offiti*,  in  the  hig^her  iJa?3*s 
Eu*e  assigned  to  apecud  ergan^^^  which  are  brought  to  a  high  eoudition  of  develop- 
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In  treating  in  detail  of  the  fiinction  of  respiration,  it  will 

1>^   cjonvenient  to  make  the  following  division  of  the  subject : 

X,  The  mechanical  phenomena  of  respiration ;  or  the  pro- 

cessos  by  which  the  fresh  air  is  introduced  into  the  lungs 

^Th^l2^raiion)^  and  the  vitiated  air  is  expelled  {eiepiration). 

2.  The  changes  which  the  air  undergoes  in  respiration. 

3.  The  changes  which  the  blood  undergoes  in  respiration. 

4.  The  relations  of  the  consumption  of  oxygen  and  the 
pix>duetion  of  carbonic  acid  to  the  general  process  of  nutri- 
tion. 

5.  The  respiratory  sense ;  a  want,  on  the  part  of  the  sys- 
texD,  which  induces  the  respiratory  acts  {besoin  de  respirer). 

6.  Cutaneous  respiration. 

7.  Asphyxia. 

The  study  of  these  questions  will  be  facilitated  by  a  brief 
consideration  of  some  points  in  the  anatomy  of  the  respira- 
tory organs. 

JPhyaiological  Anatomy  of  the  Respiratory  Organs. 

Passing  backward  from  the  mouth  to  the  pharynx,  two 

openings  present  themselves:  one,  posteriorly,  which  leads  to 

™©  oesophagus,  and  one,  anteriorly,  the  opening  of  the  larynx, 

^nich  is  the  commencement  of  the  passages  devoted  exclu- 

Bively  to  respiration.     The  construction  of  the  oesophagus  and 

tne  air-tubes  is  entirely  different.     The  oesophagus  is  flaccid, 

^^  destined  to  receive  and  convey  to  the  stomach  the  ar- 

ticleg  of  food  which  are  introduced  by  the  constrictions  of  the 

*^'**Scles  above.     Tlie  trachea  and  its  ramifications  are  exclu- 

*^^ly  for  the  passage  of  air,  which  is  taken  in  by  a  suction 

^^■^ie  produced  by  the  enlargement  of  the  thorax.     The  act 

initiation  requires  that  the  tubes  should  be  kept  open  by 

Ir^^t.    The  perfection  of  organization  in  the  higher  animals  seems  to  consist  in 
^  Ttmltiplication  of  organs,  for  the  more  efficient  performance  of  the  Tarioiis 
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walls  sufficiently  rigid  to  resi&t  the  external  p» 
air. 

Commencing  with  the  larynx,  it  ia  >?eeii  tJiat^ 
of  which  it  19  composed  are  enfficientlj  rigid 
ing  to  resist  the    pressure    produced    by    ao; 
©flbrt.     Across   ita  superior  opening  ai*e  th^ 
which  are  four  in  number,  and  hare  a  directiol 
backwai-ds.      The  two  superior  arc   called   th 
eordfi,  because  they  are  not  coueemed  in  the  f 
the  Toice.  The  two  inferior  are  the  tnie  vocal  eon 
ligamentous  bands  eovfred  by  fold^  of  niucous 
which  m  quite  thick  on  the  BU|>erior  cords,  and  J 
dehcate  on  the  infer! ori     Anteriorlvj  they  are  s 
fixed  point  between  the  thyroid  cartilages,  aud 
to  the  movable  arytenoid  cartila^ei*.    Air  is  adn 
trachea  through  an  opening  between  the  cord 
called  the  rima  glottidis.    Little  muscles,  arisii 
thyroid  and  cricoid,  and  attached  to  the  arytenoid 
are  capable  of  separating   and   apiiroximating 
to  which  the  vocal  cords  are  attached  posterioi 
open  and  close  the  rima  glottidis.  J 

If  the  glottis  be  exposed  in  a  living  animal,  c 
lar  movements  are  presented  which  are  synchroi] 
acta  of  respiration.  The  larynx  is  widely  opera 
spiration  by  the  action  of  the  ninscles  refer 
that  the  air  has  a  free  entrance  to  the  tracheaj 
mination  of  the  inspiratory  actj  these  mt^ek 
the  vocal  cords  fall  together  by  tlieir  own  elast 
expiration,  the  chink  of  the  glottis  returns  to  ^ 
of  a  narrow  slit*  These  respiratory  movement^ 
are  constant,  and  essential  to  the  intrtiductioi 
pniper  quantity  to  the  lungs.  The  expulsion  o^ 
lungs  is  rather  a  passive  pi-ocees,  and  tends  in  ^ 
rate  tlie  vocal  cords;  but  inspiration,  which  is 
more  violent j  were  it  not  for  the  movements 
wouM  have  a  tendency  to  draw  the  vo( 
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Th©  mnacles  which  are  engaged  in  producing  these  move- 
caents  are  animated  by  the  inferior  laryngeal  branches  of 
tKo  pneumogastric  nerves.     If  these  nerves  be  divided,  the 
ttiovefinents  of  the  glottis  are  arrested,  and  respiration  is 
very  eerionsly  interfered  with.     This  is  particularly  marked 
^*^  young  animals,  in  which  the  walls  of  the  larynx  are  com- 
paratively yielding,  when  the  operation  is  frequently  followed 
^y  immcNiiate  death  from  suffocation.     The  movements  of 
the  glottis  enable  ns  to  understand  how  foreign  bodies  of 
^^Jaaiderable  size  are  sometimes  accidentally  introduced  into 
*^e  air-passages. 

The  respiratory  movements  of  the  larynx  are  entirely  dis- 
^^ct  from  those  engaged  in  the  production  of  tlie  voice,  and 
f^^  simply  for  the  purpose  of  facilitating  the  entrance  of  air 
^^  ixjgpiration. 

-Attached  to  tlie  anterior  portion  of  the  larynx  is  the  epi- 

S^^ttis;  a  little  leaf-shaped  lamella  of  tibro-cartilage,  which, 

^*^^**iiig  ordinary  respiration,  projects  upward,  and  lies  against 

*^^   posterior  portion  of  the  tongue.     During  the  act  of  de- 

^*^t;ition,  respiration  is  momentarily  interrupted,  and  the  air- 

P^ssages  are  protected  by  the  tongue,  which  presses  backward 

f^^^'^^^ng  the  epiglottis  before  it,  completely  closing  the  open- 

^8    <rf  the  larynx.     Physiologists  have  questioned  whether 

^^   epiglottis  be  necessary  for  the  complete  protection  of  the 

?^""I>a8sages ;  and,  repeating  the  experiments  of  Magendie,  it 

^^  teen  frequently  removed  from  the  lower  animals  without 

I^P^^rently  interfering  with  the  proper  deglutition  of  solids 

i^   liquids.    We  have  been  satisfied  from  actual  experiment 

^^t;  a  dog  will  swallow  liquids  and  solids  immediately  after 

.    ^    ablation  of  the  epiglottis,  without  allowing  any  to  pass 

^^  the  trachea ;  but  it  becomes  a  question  whether  this  ex- 

*!^*iinent  can  be  absolutely  applied  to  the  human  subject. 

.^  ^  case  of  entire  loss  of  the  epiglottis,  which  was  observed 

^^   the  Bellevue  Hospital,    the   patient  experienced  slight 

^^culty  in  swallowing,  from  the  passage  of  little  parti- 

^^^  into  the  larynx,  which  product  cough.      This  case 
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Beemed  to-show  that  the  presence  of  the  epiglottis,  in  the 
human  subject  at  least,  is  necessary  to  the  complete  protec- 
tion of  the  air-passages  in  deglutition.' 

Passing  down  the  neck  from  the  larynx  toward  the  langrs, 
is  a  ttibcj  from  four  to  four  and  a  half  inches  in  length,  an<l 
about  three-quarters  of  an  inch  in  diameter,  which  is  called 
the  trachea.  It  h  provided  with  cartilaginous  ringg,  from 
sixteen  to  twenty  in  number^  which  partially  smTound  the 
tube,  leaving  alxjut  one-thiM  of  its  posterior  portion  occupied 
by  fibi-ons  tissue,  mixed  with  a  certain  number  of  unstrji>ed 
muscular  fibres.  Passing  into  the  cliestj  the  trachea  clivide& 
into  the  two  pj^niitive  bronchi;  the  right  being  shorter, 
larger,  and  more  horizontal  than  the  left.  These  tubes,  pro- 
vided, like  the  trachea,  with  imperfect  cartilaginous  ringh, 
enter  tlie  lungs,  (Uvidi?  and  subdivide,  nntil  the  minute  rami- 
fications of  the  bronchial  tree  open  directly  into  the  air-celk 
Alter  penetrating  the  lungs,  the  cartilages  become  irregular, 
and  are  in  the  form  of  angular  plates,  which  are  eo  dispoeiai 
as  to  completely  encircle  tlie  tubes.  In  tubes  of  Yery  small 
size,  tliese  plates  are  less  numerous  than  in  the  larger  brunclii, 
uutil  in  tub^  of  a  less  diameter  than  -^  of  an  inch,  they  are 
lost  altogether. 

The  walls  of  the  trachea  and  bronchial  tubes  are  com- 
posed of  two  distinct  membranes;  an  external  membrane, 
between  the  layers  of  which  the  cartilages  are  situated,  and  a 
lining  mucous  membrane.  The  external  membrane  is  com- 
posed of  inelastic  and  elastic  fibrous  tissue.  Posteriorly,  in 
the  space  not  covered  by  cartilaginous  rings,  these  fibres  are 
mixed  with  a  certain  number  of  unstriped  or  involuntarv 
mnscular  fibres,  which  exist  in  two  layers:  a  thick  internal 
layer,  in  wliich  the  fibres  are  transverse,  and  a  thinner  longi- 
tudinal layer,  which  h  e^rternah  This  collection  of  muscular 
fibres  is  sometimes  called  the  trachealis  muscle.    Throughout 

^  Tliia  remmrkabte  eaise^  in  whicb  the  epiglottis  hid  toughed  entii^jr  §mvf 
le^Titig  the  parts  L^omploteLj  dcatrized^  m  demonstrated  hj  a  brjngoscoplc  extOK 
m&tion,  wilL  bu  gic-ea  in  &kn4Q  m  couuecUon  witk  tbt^  atibject  of  deglutition. 
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tbe  entire  system  of  bronchial  tubes,  tbere  are  circular  fasciculi 
cl'  muscular  fibres  lying  ju^t  l>eiieath  the  mucous  membrane^ 
with  a  number  of  loagitudinal  elastic  fibres.  The  character 
of  the  bronchi  abniptly  changes  in  tabes  less  than  ^  of  an 
inch  in  diameter.  They  lose  the  cartilaginous  rings,  and  the 
extenml  and  the  mucous  membranes  becoine  so  clof elj  united 
that  they  can  no  longer  be  separated  by  dissection.  The 
circular  muscular  fibres  continue  do^vn  to  the  air-celk.  The 
mucous  membrane  is  smoothj  covered  by  ciliated  epithelium, 
the  movements  of  the  ciliea  being  alwa}^  from  witbiu  ont- 
wanij  and  it  is  provided  with  numerous  mucous  glands.  These 
glands  are  of  the  racemose  variety,  and  in  the  larynx  are  of 
eoni>iderable  size.  In  the  trachea  and  bronchi  j  racemose 
glands  exjj&t  in  tlie  raembrane  on  the  posterior  surface  of 
the  tubes ;  but  anteriorly  are  small  follieleSj  tenninatiug  in 
a  single,  an<l  sometimes  a  donbloj  blind  extremity,  Thege 
follicles  are  lost  in  tubes  1^  than  -^^  of  an  inch  in  diameter- 
It  is  the  anatomy  of  the  ]»arenchyma  of  the  lungs  which 
the  most  physiological  interest,  tor  here  the  essential 
of  respiration  take  place.  When  moderately  in- 
flated, the  lungs  liave  the  appearance  of  irmgular  cones,  with 
rounded  apices,  and  concave  bases  resting  upon  the  diaphragm. 
Tbey  fill  all  of  the  cavity  of  the  chest  which  is  not  occupied 
by  the  heart  and  great  vessels^  and  are  completely  separated 
from  each  other  by  the  mediastinum.  In  the  human  subjectj 
the  lungs  are  not  attached  to  tlie  thoracic  wallSj  but  are 
cloflely  applied  to  them,  each  covered  by  a  reflection  of  the 
geruQB  membrane  which  lines  the  cavity  on  the  corresponding 
felde.  They  thus  necessarily  follow  the  movements  of  ex- 
panaion  and  contraction  of  the  thorax.  Deep  fisaurea  ilivide 
the  right  hmg  into  three  lohes,  and  the  left  lung  into  two. 
The  surface  of  the  lungs  is  divided  into  irregularly  polygonal 
gpaces,  from  }  of  an  inch  to  an  inch  in  diameter,  winch  mark 
what  are  sometimes  called  the  pulmonary  lobules,  though 
diie  term  is  incorrect,  as  each  of  these  divisions  includes 
quite  a  number  of  the  true  lobules. 
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Following  out  the  broneliial  tubes  from  the  diatnetei'  of 
^  of  an  inch,  the  smallest,  whicb  are  from  xJir  to  ^  of  an 
inch  in  diatoeterj  open  into  a  collection  of  oblong  vesicles, 
j.i^  10.  wliich  are  the  air- 

cells.  Each  collec- 
tion of  vesicles  eo0- 
stitutes  one  uf  the 
trne  pnlmonarj  kh 
bnles,  and  is  ifom 
^  to  ^j  of  an  inch 
in  diameter.  After 
entering  the  lobule, 
the  tube  fomiB  a  gort 
of  tortnotis  central 
canal,  eeuding  off 
brnnehed  which  ter- 
minate in  gi"onpg  of 
from  eiglit  to  titteen 
pidmonary  cells. 
The  cells  are  a  little 
deeper  than  they  are 
\ride,  and  have  a 
rounded  blind  ex- 
tremity. Some  are 
smooth,  but  many 
(Alter  itobin.)  are  mai^ked  by  little 

circular  constrictions,  or  ruga?,     In  the  healthy  lung  of  the 
adult,  after  death,  they  measure  from  ^hv  to  jii^  or  ^jf  of  an. 
inch  in  diameter,  hut  are  capable  of  very  great  diBteiitiou-  ^— 
The  smalle;3t  eel  la  are  in  the  deep  portions  of  the  lungs,  ani 
the  largest  are  situated  near  the  surface.     By  eections  of  luuj 
inflated  and  dried,  MagemUe   demonatrated,  a  number  of"^ 
years  ago,  that  thei'e  is  a  considerable  variation  in  the  aiz^S 
of  the  cella  at  different  periods  of  life;  that  the  femallesic^ 
cells  are  found  in  young  ehildreUj  and  that  they  pn:>gTes — 
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lively  increase  in  size  with  age.*  The  air-cells  are  but- 
funded  by  a  great  number  of  elastic  fibres,  which  do  not 
form  distinct  bundles  for  each  cell,  but  anastomose  freely 
irith  each  other,  so  that  the  same  fibres  belong  to  two  oi 
more.  This  structure  is  peculiar  to  the  parenchyma  of  the 
lungs,  and  gives  these  organs  their  great  distensibility  and 
elasticity,  properties  which  play  an  important  part  in  ex- 
peUing  the  air  from  the  chest,  as  a  consequence  simply  of 
cessation  of  the  action  of  the  inspiratory  muscles.  Inter- 
woTen  with  these  elastic  fibres  is  the  richest  plexus  of 
capillary  blood-vessels  found  in  the  economy.  The  vessele 
are  larger  than  the  capillaries  in  other  situations,  and  the 
plexus  is -so  close  that  the  spaces  between  them  are  narrower- 
than  the  vessels  themselves.  When  distended,  the  blood-ves- 
sels form  the  greater  part  of  the  walls  of  the  cells. 

There  is  some  difference  of  opinion  among  anatomists  with 
T^ard  to  the  lining  of  the  air-cells.  Some  are  of  the  opinion, 
"With  Eainey  and  Mandl,  that  the  mucous  membrane,  and 
«ven  the  epithelium,  cease  in  the  small  bronchial  tubes,  and 
"•he  blood-vessels  in  the  cells  are  uncovered.  The  presence  of 
^pavement  epithelium  has  been  demonstrated,  however,  in  the 
^^lls,  but  the  scales  are  detached  soon  after  death,  and  cannot 
mlways  be  observed.  All  who  contend  for  the  existence  of  a 
:^xiacou8  membrane  admit  that  it  is  of  excessive  tenuity. 
IKobin,  Kolliker,  and  others  have  demonstrated  in  the  air- 
^3ells  very  thin  scales  of  pavement  epithelium,  from  t^Ait  ^^ 
•^^1^  of  an  inch  in  diameter,  which  are  applied  directly  to  the 
"^jvalls  of  the  blood-vessels.'  The  epithelium  here  does  not 
^eem  to  be  regularly  desquamated,  as  in  other  situations. 
Kxamination  of  injected  specimens  shows  that  the  blood-ves- 
sels are  so  situated  between  the  cells,  that  the  blood  in  the 
greater  part  of  their  circumference  is  exposed  to  the  action 
of  the  air. 

*  ICagendik,  Mhmoire  tur  la  Stimdure  du  Foumon  de  VHomme^  etc.  Journal 
<ii0  F^Moffie,  1821,  tome  i.,  p.  78. 

•  K5LLIK1R,  Manual  of  Human  Microscopic  Anatomy^  Londoiii  1860,  p.  38*7 ; 
0.iid  FouCHET,  HUtoloffie  Humainey  Paris,  1864,  p.  286. 
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Tlie  entire  mass  of  venous  blood  is  distributed  in  tlielnngs 
by  the  pulmoiiarj  artery  for  tbe  purposes  of  aeration.  Arte- 
rial blcjud  is  conveyed  to  tbeae  organs  by  the  bronchial  arte- 
rie^Sj  vvbicb  ramify  and  subdivide  on  the  bronchial  tube&^  and 
follow  their  course  into  the  lungs,  for  the  nourishment  of 
these  parts.  It  is  possible  that  tlie  tissue  of  the  lungs  mnj 
receive  some  nourishment  ironi  tbe  blood  conveyed  there  bv 
the  puhnonaiy  artery  ;  but  as  this  vessel  does  not  send  auy 
branches  to  the  bronchial  tubes,  it  is  undoubtedly  the  bron- 
chial arteries  which  supply  tbe  material  for  their  nutrition 
and  tbe  secretion  of  the  uiucoua  glands.  This  is  one  of  tbe 
anatomical  reasons  why  inflammatory  conditions  of  the  brou- 
■ehial  tubes  do  not  extend  to  tbe  parenchyma  of  the  lungSp  and 
vim  ver»d, 

Tlie  foregoing  anatomical  sketch  shows  the  admirable 
adaptation  of  the  trachea  and  bronchial  tubes  to  tbe  pas- 
sage of  the  air  by  inspii-atiou  to  tbe  deep  ].>ortionB  of  tbe 
lungs,  and  the  favorable  conditions  which  it  thei^  meets  with 
for  an  interchange  of  the  elements  of  the  air  and  blood.  It 
is  also  evident,  from  the  enormous  number  of  air-cellsj  tliat 
tbe  respiratory  surface  must  be  immense,' 

Carhofiacmm  Matter  in  t/ie  Zun^a. — Tbe  lungs  of  most 
of  tbe  inferior  animals  and  tbe  human  subject,  in  eai'ly  life, 
have  a  uniform  rose  tint ;  but  in  tbe  adult,  and  partieularly 
in  old  agCj  they  contain  a  gi^ater  or  less  quantity  of  black 
matter,  winch  may  exist  in  little  masses,  deposited  here  and 
there  in  the  pulmonary  strncturei  or  tbnning  lines  on  the 


I 


'  Hales  estimated  tbe  combmed  iurfice  of  tlie  oir^elk  at  SS9  square  te*^ 
{Statkol  JSuu^t,  vol  l,  p.  242) ;  KeHl  at  21,90ti  squats  Int^he^  {^aa^t  on  Seefral 
Park  af  ihe  Anirtiai  (Economy^  ^,  12J);  and   Lk'berkiihn  at  1,600  squint  (c*l 

duta  on  tbits  point  fbr  ns  to  form  auy  thitig  like  a  reliable  estiinmt*.  It  li 
simply  eyident  that  tbe  extent  of  surface  mugt  he  vcrj  great  In  p&satng  froia 
tb£  lower  to  the  higher  orders  of  animals^  it  is  aeen  that  Xature  provider  far 
tbe  neceaaitj  ol'  an  increase  in  tho  activity  of  the  respiratory  pnxjesi,  by  a  jdimiti* 
ifibed  sixe  and  a  moltiplicatlou  of  the  air-coUik 
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suffuce  of  the  organs.  The  clej.wsit  is  generally  most  atun- 
daiit  at  the  summit  of  the  lungg.  This  matter  also  exists  in 
the  lymphatic  glands  connected  with  the  piilinoiiary  strnc- 
ture,  which  are  Bonietimes  called  the  *' bronchial  glands/' 
The  natum  of  this  deposit  has  been  the  subject  of  consider- 
able discussion.  Some  have  supposed  that  it  was  connected 
with  melanotic  depoeitsj  and  consisted  of  ordinary  pigmentary 
matter ;  but  chemical  investigationa  Lave  now  pretty  conclu* 
flively  deinoiisti-ated  that  it  is  nothing  more  nor  lees  than 
carbon.  It  exists  in  great  abundance  in  the  lungs  of  miners, 
who  inhale  great  quantities  of  carbonaceous  particleSj  and  of 
those  who  are  mucli  exposed  to  the  inhalation  of  smoke. 
These  facts,  taken  in  connection  witli  its  aljsonce  in  young 
l^ersons  and  the  inferior  animals,  and  its  sniall  qnantlty,  even 
in  old  age,  in  those  who  inhabit  Tillages  and  are  not  exposed 
to  a  smoky  atmoapliere,  point  to  its  introduction  from  with- 
out. The  subject  has  been  most  completely  and  ably  inves- 
tigated by  Robinj  who  has  come  to  the  conclusion  that  the 
matter  is  really  carbon  ;  that  it  is  introduced  in  fine  particles 
in  the  inspired  air,  and  that,  once  in  the  lungs,  it  penetrates 
the  tissue,  not  by  absorption,  Imt  by  mechanical  action,  until  it 
finds  its  way  beneath  the  pleura  and  into  the  intercellular 
substance.  From  the  tact  that  carbon  is  insoluble,  its  penetra- 
tion must  be  mechanical ;  and,  when  found  in  the  lymphatic 
glands,  it  is  carried  there  by  the  absorbent  vessels.  When 
it  has  penetrate^l  the  substance  of  the  tissueSj  it  can  no  more 
be  removed  than  the  tattooing  beneath  the  skin ;  indeed^  the 
deposition  in  the  lungs  may  lie  compared  very  aptly  to  the 
process  of  tattooing. 

The  mechanism  of  its  introduction  ia  the  following ;  The 
little  iihari>,  almost  microscopic,  particles  ai-e  inhaled  and 
come  in  contact  with  the  delicate  walls  of  the  air-cells,  in 
which  they  are  imbedded  under  a  certain  ]>ressure.  When 
any  part  is  subject  to  pressure,  it  is  well  known  that  it  gives 
way  by  absorption,  the  pressure  facilitnting  the  removal  of 
worn-otit  matter,  but  interfering  with  the  deposition  of  new 
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rnat^riaL  These  particles  tbus  penetrate  the  lung  sub&tance, 
from  wliieh  tliey  can  never  be  reraovefK  Tliej  may  fiml 
their  way  into  the  lymphatic  vessels,  but  become  fixed  in  the 
lymphatic  glanclB^  in  which  the  quantity  is  aJwaja  propor- 
tionate to  that  vrhicb  exists  in  the  Inngs.  It  lias  been  shown 
that  the  particles  introduced  tinder  the  skin  in  tattooing  may 
also  be  taken  up  by  the  lymphatics,  but  are  arrested  and 
tixed  in  the  glands.' 

There  is  no  ground  for  the  hypothesis  that  the  carbonar 
ceous  matter  of  the  lungs  and  bronchial  glands  is  deposited 
as  a  i*es[due  of  combustion  of  the  hydroearbonS|  in  the  procesa 
of  respiration. 

MmemenU  of  Besplration. 

In  man  and  the  warm-blooded  animals  generally,  the 
lungs  attain  their  greatest  di^ee  of  development,  the  &u^ 
face  which  is  exposed  to  the  atmosphere  is  relatively  great- 
estj  and  it  is  in  these  loi^ans  that  nearly  all  of  the  process  of 
interchange  of  gases  takes  place*  In  all  animals  of  thig  ela^ 
inspiration  takes  place  as  a  consequence  of  enlargement  of 
the  thoracic  cavity,  and  the  entrance  of  a  quantity  of  air 
througli  the  respiratory  passages  corresponding  to  the  in- 
created  capacity  oi'  the  lungs,  in  the  mammalia,  the  chest  is 
enlarged  by  the  action  of  muscles;  and  in  ordinary  respi- 
ration, inspiration  is  an  active  process,  while  expiration  is 
comparatively  passive.  In  many  hirds^  the  ehe&t  is  com- 
pressed by  inuseular  action  in  expiration,  and  inspiration  is 
eflected  in  a  measure  by  elastic  ligaraeuts.  lu  both  clasees, 
the  air  is  drawn  into  the  chest  to  supply  the  space  produced 
by  its  enlargement.  In  some  of  the  lower  orders  of  animals 
which  have  no  ribs  or  Btemnm,  or  in  which  the  thorax  is, 
immovable  and  there  exists  no  division  between  its  cavity 
and  the  abdomen,  the  air  is  forced  into  the  lungs  by  an  act 
like  deglutition.     In  these  animals  (fro^^^j  lizards^  turtles, 

^  The  resiittfl  of  tbc  [DTc^fignlionfl  of  Uobui  are  to  be  foond  in  the  CAwskcf 
Anaimniqu^^  by  Robin  and  Veildeil^  tome  iLi^  p.  EiO!(  d  S€q, 
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etc)  tlm  respiratory  acts  are  very  infrequeiit ;  and  in  some, 
the  oxidation  of  the  blood  h  more  efieetually  perfbrmed  by 
the  genenil  suriaee  than  by  the  lungs, 

A  glance  at  the  physiologieal  anatomj*  of  the  thorax  in 
the  human  subject  makes  it  evident  that  the  action  of  certain 
mBedes  will  consideralily  increase  its  capacity.  In  the  first 
place,  the  diaphragm  mounta  up  into  its  cavity  in  tie  form 
of  a  vaulted  arch.  By  contraction  of  its  fibres,  it  is  brought 
nearer  a  planCj  and  thus  the  vertical  diameter  of  the  thorax 
is  increased.  The  walk  of  the  thorax  are  formed  by  the 
dorsal  vertebne  and  ribs  posteriorly,  by  tbe  upper  ten  ribs 
laterally,  and  by  the  sternum  and  costal  cartilages  anteriorly. 
The  direction  of  the  riba,  their  mode  of  connection  with  the 
Btemum  by  the  costal  caitilages,  and  their  articulation  with 
tlie  vertebral  column,  are  such  that  by  their  movements  the 
antero-posterior  and  transveiBe  diameters  of  the  chest  may  be 
considerably  modified. 


The  ribs  are  soraewhat  twisted  upon  themselves,  and  have 
a  general  direction  forwards  and  downwards.  The  first 
rib  is  nearly  horizon talj  but  the  obliquity  progressive- 
ly increases  from  the  upper  to  the  lower  parts  of  the 
chest.  They  are  articulated  with  the  bodies  of  the  vertebrae, 
so  as  to  allow  of  considerable  motion.  The  upper  seven  ribs 
are  attached  by  the  costal  cartilages  to  the  Bternum,  these 
cartilages  running  upwards  and  inwards*  The  cartilages  of 
the  eighth,  ninth,  and  tenth  ribs  are  joined  to  the  cartilage 
of  the  seventh.  The  eleventh  and  twelfth  are  floating  ribs, 
ajid  are  only  attached  to  the  vertebrae* 

It  may  l>e  stated  in  general  terms  that  inspiration  is  effect- 
ed by  descent  of  the  diaphragtn  and  elevation  of  the  ribs; 
and  expiration  by  elevation  oi'  tlie  diaphragm  and  descent 
of  the  riba* 

Arising  severally  from  the  lower  border  of  each  rib,  and 


368  BESPIKATION. 

attached  to  the  upper  border  of  the  rib  below,  are  the  eleven  ex- 
ternal intercostal  muscles,  the  fibres  of  which  have  an  oblique 
direction  from  above  downwards  and  forwards.  Attached  to 
the  inner  borders  of  the  ribs  are  the  internal  intercostals,  which 
have  a  direction  from  above  downwards  and  backwards,  at 
right  angles  to  the  fibres  of  the  external  intercostals.  There 
are  also  a  number  of  muscles  attached  to  the  thorax  and  spine, 
thorax  and  head,  upper  part  of  humerus,  etc.,  which  are 
capable  of  elevating  either  the  entire  chest  or  the  ribs. 
These  must  act  as  muscles  of  inspiration  when  the  attach- 
ments to  the  thorax  become  the  movable  points.  Some  of 
them  are  called  into  action  during  ordinary  respiration; 
others  act  as  auxiliaries  when  respiration  is  a  little  exagger- 
ated, as  after  exercise,  and  are  called  ordinary  auxiliaries; 
while  others,  which  ordinarily  have  a  difierent  function, 
are  only  brought  into  play  when  respiration  is  excessively 
.  diflBcult,  and  are  called  extra/yrdinary  auxiliaries. 

The  following  are  the  principal  muscles  concerned  in  in- 
spiration : 


Muscles  of  Inspiration, 

ORDINABY  RESPIRATION. 

Muscle.  Attachments. 

Diaphraf^ Circumference  of  lower  border  of  thorax. 

Scalenus  -^Vnticus Transverse  processes  of   third,   fourth, 

fifth,  and  sixth  cervical  vertebrs? 

tubercle  of  first  rib. 

Scalenus  Medius Transverse  processes  of  six  lower  cervi- 
cal vertebrae ^upper  surface  of  first 

rib. 

Scalenus  Posticus Transverse  processes  of  lower  two  or 

three  cervical  vertebra*— ^-outer  8U^ 
face  of  second  rib. 

External  Intercostals Outer  borders  of  the  ribs. 

Sternal  portion  of  Internal  Intercostals .  .Borders  of  the  costal  cartilages. 

Twelve  Levatores  Costarum Transverse  processes  of  dorsal  vertebr© 

ribs,   between  the  tubercles  and 

anf'les. 
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Ordinary  Auxiliariet, 

MuacU,  Attaehmtnts, 

SemtoB  Posticus  Superior. ...   Ligaraentum  nuchse,  spinous  processes 

of  last  ceryival  and  upper  two  or  three 

dorsal  vertebrsB upper  borders  of 

second^  third,  fourth,  and  fifth  ribs 
just  beyond  the  angles. 

Stema>inastoideus Upper  part  of  sternum mastoid  pro> 

cess  of  temporal  bone. 

JSktraordinary  Awaiiariet. 

Iie?ator  AnguU  Scapulae. Transverse  processes  of  upper  three  or 

four  cervical  vertebrBB— ^posterior 
border  of  superior  angle  of  the  scapula. 

Trapezius  (superior  portion) ligamentum  nuche  and  fleventh  cervical 

vertebra the  upper  border  of  the 

spine  of  the  scapula. 

Peotoralis  Minor. Ooracoid  process  of  scapula anterior 

surface  and  upper  margins  of  third, 
fourth,  and  fifth  ribs  near  the  cartilages. 

PectoraHs  Mjjor  (inferior  portion) Bicipital   groove   of  humerus— costal 

cartilages  and  lower  part  of  the  ster- 
num. 

Serratiis  Magnus Inner  margin  of  posterior  border  of  scap- 
ula  external  surface  and  upper  bor- 
der of  upper  eight  ribs. 

Action  of  the  Diaphragm. — The  descriptive  and  general 
anatomy  of  the  diapliragm  gives  a  pretty  correct  idea  of  its 
fonctions  in  respiration.  It  arises,  anteriorly,  from  the  inner 
snrface  of  the  ensiform  cartilage,  laterally,  from  the  inner 
surface  of  the  lower  borders  of  the  costal  cartilages  and  the 
six  or  seven  inferior  ribs,  passes  over  the  quadratus  luraborum 
by  the  external  arcuate  ligament,  and  the  psoas  magnus  by 
the  internal  arcuate  ligament,  and  has  two  tendinous  slips  of 
origin,  called  crurse  of  the  diaphragm,  from  the  bodies  of  the 
second,  third,  and  fourth  lumbar  vertebrae  and  the  interverte- 
bral cartilages  on  the  right  side,  and  the  second  and  third  lum- 
bar vertebras  and  the  intervertebral  cartilages  on  the  left  side. 
From  this  origin,  which  extends  around  the  lower  circumfer- 
24 
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ence  of  the  thorax,  it  mounts  up  into  the  cavity  of  the  chest, 
forming  a  vaulted  arch  or  dome,  with  ita  concavity  toward 
the  abdomen  and  its  convexity  toward  the  lungs.  In  the  cen- 
tral portion  there  is  a  tendon  of  considerable  size,  and  shaped 
sometliing  like  the  club  on  a  playing  card,  with  middle, 
right,  aiid  left  leaflets.  The  remainder  of  the  organ  h  com- 
posed of  radiating  fibres  of  the  striped  or  voluntary  muscular 
tisauo.  The  oesophagus,  aorta,  and  inferior  vena  ca^a  pass 
tlirough  the  diaphragm  from  the  thoracic  to  the  abdominal 
cavity,  hy  three  openings. 

The  opening  for  the  cesophagus  is  surrounded  by  itmsculaf 
fibres,  by  which  it  is  partially  dosed  when  the  diaphr^^ 
contracts  in  inspiration,  as  the  fibres  simply  surround  the 
tuhCj  and  none  are  atta<^hed  to  it. 

The  oritiee  for  the  aorta  is  bounded  by  the  bone  aad 
aponeurosis  posteriorly,  and  in  front  by  a  fibrous  band  to 
which  the  muscular  fibres  are  attached ;  so  that  tlieir  con- 
traction  has  rather  a  tendency  to  inereascj  than  diminish,  the 
caliber  of  the  vessel- 

The  orifice  for  the  vena  cava  is  surrounded  entirely  by 
tendinous  structure,  and  contraction  of  the  diaphragm,  though 
it  might  render  the  form  of  the  orifice  more  nearly  circulaft 
can  have  no  efi'ect  upon  its  caliber. 

The  action  of  the  diaphragm  can  be  easily  studied  in  the 
inferior  animals  by  vivisections.  If  the  abdomen  of  a  cat, 
which,  trom  the  conformation  of  the  parts,  is  well  adapted  to 
this  experiment,  be  largely  opened,  we  can  observe  the  descent 
of  the  tendinous  portion,  and  the  uontTaction  of  tJie  muscular 
fibres.  The  action  of  this  muscle  may  be  rendered  more 
apparent  by  compressing  the  walls  of  the  chest  vnth  the  hand^ 
so  as  to  intertei-e  somewhat  with  the  movements  of  the  ribs. 
In  ordinary  respiration,  the  descent  of  the  diaphragm  and 
its  approximation  to  a  plane  is  the  chief  phenomenon  ol> 
served;  but  as  there  is  a  slight  resistance  to  the  depres- 
sion of  the  central  tendon,  it  is  probable  that  there  is  also  a 
slight  elevation  of  the  inferior  ribSj  the  diaphragm  assisting, 
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iQ  a  limited  degiee  it  iB  tniBj  the  action  of  the  external 
iiitercostals, 

■  The  phenomena  referable  to  the  abdomen,  which  coincide 
with  the  descent  of  the  diaphragm^  can  easily  be  observed 
ia  the  human  subject.  As  the  diaphragm  is  depi"es&od, 
it  necessarily  pushes  tlie  viscera  before  it,  and  Inspiration 
is?  therefore  accompanied  by  protrusion  of  the  abdomen. 
This  may  be  rendered  very  marked  by  a  forced  or  deep  in- 
spiraticm. 

•  The  action  of  the  diaphrt^m  maybe  illustrated  by  a  very 
simple  yet  Btriking  experiment.  In  an  animal  just  killed, 
after  opening  the  abdomen^  if  we  take  hold  of  the  structures 

■  which  are  attached  to  the  central  tendon,  and  make  traction^ 
"  we  imitatej  in  a  rough  way,  the  movements  of  the  diaphragm 

in  respiration,  and  the  air  will  pass  into  the  lungs,  sometimes 
with  a  distinctly  audible  sound. 

»The  effects^  of  the  action  of  the  diaphragm  upon  the  size 
of  its  orifices  are  chiefly  limited  to  the  cesophageal  opening. 
The  anatomy  of  the  parts  is  such  tliat  contraction  of  the 
muscular  fibres  has  a  tendency  to  olc^e  this  orifice.  When 
we  come  to  treat  of  the  digestive  syBtera,  we  shall  see  that  this 
is  auxiliary  to  the  action  of  the  muscular  walls  of  the  oeao- 

»phagus  itselJ^  by  which  the  cardiac  opening  of  the  stomach 
is  r^ularly  closed  during  inspiration*  This  may  become 
important  when  the  stomach  is  much  distended ;  tor  descent 

I  of  the  diaphragm  compresses  all  the  abdominal  organs^  and 
might  otherwise  cause  regurgitation  of  a  portion  of  its  con- 
tents. 

The  contractions  of  the  diaphragm  are  animated  almost 
_^  exclusively,  if  not  exclusively,  by  the  phrenic  nerve ;  a  nerve 

■  which,  having  tlie  office  of  supplying  the  most  important 
^uaipiratory  muscle,  derives  its  filaments  from  a  number  of 
^^WUrces,     It  arises  from  the  third  and  fourth  cervictd  nerves, 

receiving  a  branch  from  the  fifth,  and  sometimes  tix>m  the 
sixth;  it  passes  through  the  ehestj  penetrates  the  diaphragm, 
and  is  distributed  to  its  under  surface.     This  nerve  was  the 
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subject  of  nnmerous  experiments  by  the  earlier  physiologists, 
who  were  greatly  interested  in  the  minutiae  of  the  action  of 
the  diaphragm,  and  other  muscles,  in  respiration.  Its  gal- 
vanization produces  convulsive  contractions  of  the  diaphragm, 
and  its  section  paralyzes  the  muscle  almost  completely.  It 
was  noticed  by  Lower,  that  after  section  of  both  phrenic 
nerves  the  movements  of  the  abdomen  were  revei-sed,  and  it 
became  retracted  in  inspiration/  This  is  explained  and  illus- 
trated by  voluntary  suspension  of  the  action  of  the  diaphragm, 
and  exaggeration  of  the  costal  movements.  As  the  ribs  are 
raised,  the  atmospheric  pressure  causes  the  diaphragm  to 
mount  up  into  the  cavity  of  the  thorax,  and  of  course  the 
abdominal  organs  follow. 

From  the  great  increase  in  the  capacity  of  the  chest  pro- 
duced by  the  action  of  the  diaphragm,  and  its  constant  and 
universal  action  in  respiration,  it  must  be  regarded  as  by  far 
the  most  important  and  efficient  of  the  muscles  of  inspiration. 

Hiccough,  sobbing,  laughing,  and  crying  are  produced 
mainly  by  the  action  of  the  diaphragm,  particularly  hic- 
cough and  sobbing,  which  are  produced  by  spasmodic  con- 
tractions of  this  muscle,  generally  beyond  the  control  of  the 
will. 

Action  of  the  Muscles  which  elevate  the  liibs. — Scaleiie 
MuscUs, — In  ordinary  respiration,  the  ribs  and  the  entire 
chest  are  elevated  by  the  combined  action  of  a  number  of 
muscles.  The  three  scalene  muscles  are  attached  to  the  cervi- 
cal vertebra)  and  tlie  first  and  second  ribs.  These  muscles, 
which  act  particularly  upon  the  first  rib,  must  elevate  with 
it,  in  inspiration,  the  rest  of  the  thorax.  The  articulation  of 
the  fii-st  rib  witli  the  vertebral  column  is  very  movable,  but 
it  is  joined  to  the  sternum  by  a  very  short  cartilage,  Avhich 
allows  of  very  little  movement,  so  that  its  elevation  necessa- 
rily carries  with  it  the  sternum.  This  movement  increases 
both  the  transverse  and  antero-posterior  diameters  of  the 

^  BjmAUD,  Conn  de  Physiologie^  Pari.**,  1851,  tome  ill.,  p.  245. 
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thorax,  from  the  mode  of  articulation  and  direction  of  the 
ribs,  which  are  somewhat  rotated  as  well  as  rendered  more 
horizontal. 

Perhaps  there  is  no  set  of  mnscnlar  actions  to  which  as 
much  observation  and  speculation  have  been  devoted  as  those 
concerned  in  respiration ;  and  the  actions  of  the  muscles 
which  are  attached  to  the  thorax  are  so  complex  and  difficult 
of  observation,  that  tlie  views  of  physiologists  concerning 
them  are  still  somewhat  conflicting.  While  some  adopt  the 
opinion  of  Haller,*  that  the  first  rib  is  almost  fixed  and  im- 
movable, others  contend,  as  did  Magendie,  that  it  is  the 
most  movable  of  all.'  With  regard  to  this  point  there  can 
now,  it  seems,  be  no  doubt.  By  putting  the  thumb  and  fin- 
ger on  either  side  of  the  neck  over  the  scaleni,  we  can  dis- 
tinctly feel  these  muscles  contract  with  every  tolerably  deep 
inspiration  (a  movement  which  Magendie  proposed  to  call 
the  respiratory  pulse,  loc,  cit.)\  and  it  is  further  evident 
that  though  in  the  male,  in  ordinary  respiration,  the  sternum 
is  almost  motionless,  in  the  female,  and  in  the  male  in  deep 
inspirations,  the  sternum  is  considerably  elevated  and  pro- 
jected, particularly  at  its  lower  part.  This  latter  movement 
increases  the  antero-posterior  diameter  of  the  thorax,  and  can 
be  measured  with  an  appropriate  instrument.  The  elevation 
of  the  sternum  is  necessitated  by  its  close  and  almost  im- 
movable connection,  througli  its  short  cartilage,  with  the 
first  rib. 

The  action  of  the  scaleni,  while  it  is  inconsiderable  in 
ordinary  respiration  in  the  male,  in  all  cases  renders  the  first 
rib  practically  a  fixed  point,  from  which  those  intercostal 
muscles  which  raise  the  ribs  can  act. 

Intercostal  Muscles. — Concerning  the  mechanism  of  the 
action  of  these  muscles,  there  is  great  difference  of  opinion 
among  physiologists ;  so  much,  indeed,  that  the  author  of  a 

'  EUmenia  Phytiologia^  Lausanne,  1761,  tomus  iii.,  p.  23. 
*  Predi  J^Umentaire  de  Phytiologie^  tome  ii.,  p.  817. 


374 


BESFEBATIOK, 


late  elaborate  work  assumes  tliat  the  question  is  still  left  in 

considerable  uDcertaiiity,*  The  most  elaborate  reeeancbes  on 
this  point  are  those  of  Beau  and  Maissiat  {ArcMim  Grneral^:^ 
d^Midecine^  1843)^  and  Sibson  {PhUosophiml  Tranmetwm^ 
1B46).  The  latter  eeem  to  settle  the  r|iieetion  of  the  mode  of 
action  of  the  intercoatals,  and  explain  Bfltiafactorily  eertain 
points  which  even  now  are  not  generallj  appreciated.' 

Let  as  first  note  the  changes  which  take  plaoe  in  the 
direction  of  the  ribs,  and  their  relation  to  each  other,  in 
inspiration,  before  considering  the  way  in  which  these  mm^ 
ments  are  prodneed* 

In  the  dorsal  region^  the  spinal  column  forms  an  arcb 
with  its  concavity  to%vard  the  chest,  and  the  ribs  id  crease  in 
leijgth  progressively,  from  alwve  downwards,  to  the  deepest 
i>ortion  of  the  arch,  where  they  are  longest,  and  then  becoaie 
progreBsivcly  ehorten  **  During  inspiration  the  ribs  approadi 
to  or  recede  from  each  otlier  according  to  the  part  of  the  anli 
with  which  they  articulate ;  the  four  superior  ribs  approati 
each  other  anteriorly  and  recede  from  each  other  posterioriy; 
the  fourth  and  fifth  ribs,  and  the  intermediate  &et  (sixtb, 
seventh,  and  eighth),  move  further  apart  to  a  moderate,  the 
diaphragmatic  set  (four  inferior),  to  a  great  extent.  The  nppr 
edge  of  each  of  these  ribs  glides  toward  the  vertebr©  in  rela- 
tion to  the  lower  edge  of  the  rib  above,  with  the  exeeptioaof 
the  lowest  rib,  wbich  is  stationary."  * 

These  movements,  accurately  and  admirably  dciicribcd 
by  Sibaon^  and  illustrated  by  drawing  of  the  chest,  empty, 

^  LcuraxT,  TVaiM  de  Fh^wiogUi  Txcw^  116 1,  toioe  i^  p.  629. 

^Sbfion^fi  Rrtlcle  h  tlie  moat  ccwnplete  erijr  publi^lnjd  upon  tJie  mecliaiiiMa  of 
re«piradoti.  Tbe  action  of  the  respiratcry  muscle*  wm  obfierrcd  in  rmsieetioci^ 
and  the  mechanism  by  whieb  tbe  capacity  of  the  thorax  m  moiiiliud  h  lUustnleft 
in  the  most  mgt*uiou8  manner  bj  mechanical  contrivances^  rcpreseDtmg  the  pOs5» 
tloD,  ctc,|  of  the  ribe^  and  tbdr  moToment^  Bj  dilating  tlie  ebest  ftfler  de«i)i, 
lilao^  he  showa  the  change  which  lakes  place  in  the  direction  of  the  tiba  *n(t  the 
consequent  abortcning  of  certain  musdcB,  which,  he  assuin^^  mttfil  md  u  musdei 
of  inspiration,  a  fact  whicb  be  baa  taken  care  to  verify  by  TiriaciolioQBb 
'  StBSOii,  op,  citf  p*  629* 
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as  ill  expiration,  and  distended  with  mr,  increase  tlie  tintero 
posteriar  and  transveiise  diiimetera  of  the  thorax,  A^  the 
ribs  are  elevated  aBd  become  more  nearly  horizDiital,  tbey 
must  push  forward  the  lower  portion  of  the  Bternum,  Tlieir 
conjuration  and  mode  of  articulation  with  the  veTtehni*  are 
6uch,  that  thej  cannot  be  elevated  without  undergoing  a  cou- 
Biderable  rotation,  by  which  the  concavity  looking  directly 
toward  the  lungs  is  inci'easedf  and  with  it  the  lateral  diameter 
of  the  chest.  All  the  intercoetal  epaoea  poiteriorly  are  widen- 
ed  in  inspiration. 

These  points  are  clearly  iUiistrated  in  the  acoompaaying 
diagrams/ 

The  ribfl  are  elevated  by  the  action  of  the  external  inter- 
costakj  tlie  eternal  portion  of  the  internal  intercostals_,  and 
the  levatorcs  costarnLii» 

The  extenml  intercostals  are  situated  between  the  ribs 
only,  and  are  wanting  in  the  region  of  the  costal  cartilage!^. 
As  the  vertebral  extremities  of  the  ribs  are  the  pivots  on 
which  these  leven*  move,  and  the  sternal  exti'emitiea  are 
movable,  tlie  direction  of  the  fibres  of  the  intercostalB,  from 
above  downwards  and  forwards,  rendei's  elevation  of  the  ribs 
a  necessity  of  their  contraction;  if  it  can  be  asauole^i  that  the 
tii^t  rib  13  fixed,  or  at  least  does  not  move  downwards.  The 
scalene  muBclcB  elevate  tlie  tirst  rib  in  ordinary  inspiration ; 
and  In  deep  inspiration,  this  takes  place  to  such  an  extent  a* 
to  palpably  carry  with  it  tbo  eternnm  and  the  lower  rilis. 
Theoretically,  then,  the  external  intercogtak  can  do  nothing 
but  render  the  ribs  more  nearly  horizontal.  The  action  of 
these  iniiscles  has,  however,  been  the  eubject  of  contiulerable 
controvei^yj  on  thcHjretical  gronnds.  We  shall  discuss  the 
question  chiefly  from  an  erperimeatal  point  of  view, 

If  the  external  intcrcostals  be  expo&ed  in  a  living  animal ^ 
the  dog  for  example,  in  which  tlie  costal  type  of  respiration 
is  very  marked,  close  observation  cannot  fail  to  convince  any 
one  that  these  muscles  enter  into  action  in  inspiratiou*     This 
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fact  has  been  observed  by  Sibson  and  many  other  •physiolo- 
gists. If  attention  be  now  directed  to  the  sternal  portion  of 
the  internal  intercostals,  situated  between  the  costal  cartilages, 
their  fibres  having  a  direction  from  above  downwards  and 
backwards,  it  is  equally  evident  that  they  enter  into  action 
with  inspiration.  By  artificially  inflating  the  lungs  after 
death,  Sibson  confirmed  these  observations,  and  showed  that 
when  the  lungs  are  filled  with  air,  the  fibres  of  these  muscles 
are  shortened.  In  inspiration  the  ribs  are  all  separated  pos- 
teriorly ;  but  laterally  and  anteriorly,  some  are  sej^arated  (all 
below  the  fourth),  and  some  are  approximated  (all  above  the 
fourth).  Thus  all  the  interspaces,  excepting  the  anterior  por- 
tion of  the  upper  three,  are  widened  in  inspiration.  Sibson 
has  diown  by  inflation  of  the  chest,  that  though  the  ribs  are 
separated  from  each  other,  the  attachments  of  the  intercostals 
are  approximated.  The  ribs,  from  an  excessively  oblique 
position,  are  rendered  nearly  horizontal;  and  consequently 
the  inferior  attachments  of  the  intercostals  are  brought  nearer 
the  spinal  column,  while  the  superior  attachments  on  the 
upper  borders  of  the  ribs  are  slightly  removed  from  it.  Thus 
these  muscles  are  shortened.  If,  by  separating  and  elevating 
the  ribs,  the  muscles  are  shortened,  shortening  of  the  muscles 
will  elevate  and  separate  the  ribs.  In  the  three  superior 
interspaces,  the  constant  direction  of  the  ribs  is  nearly  hori- 
zontal, and  the  course  of  the  intercostal  fibres  is  not  as  oblique 
as  in  tliose  situated  between  the  lower  ribs.  These  spaces  are 
narrowed  in  inspiration.  The  muscles  between  the  costal 
cartilages  have  a  direction  opposite  to  that  of  the  external 
intercostals,  and  act  upon  the  ribs  from  the  sternum,  as  the 
others  do  from  the  spinal  column.  The  superior  interspace 
is  narrowed,  and  the  remainder  are  widened,  in  inspiration. 

The  probable  explanation  of  the  great  diiference  of  opin- 
ion with  regard  to  the  action  of  the  intercostals  is  the  diffi- 
culty of  comprehending,  at  the  first  blush,  that  the  contrac- 
tion of  muscles  situated  between  the  ribs  can  separate  them 
from  each  other ;  a  phenomenon  which  is  easily  imderstood 
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after  a  carefiil  conmderation  of  the  relative  position  of  the 
parts. 

Zmaf/>re^  Co&tarum, — The  action  of  these  raEscles  cannot' 
be  iBistaken,  They  have  immovable  poiiits  of  origlnj  the  ' 
transverse  processes  of  twelve  vertebrae  from  the  la&t  cervical 
to  the  eleventh  dorsal,  and,  spreading  out  like  a  fan,  are  at- 
tached to  the  upper  edgea  of  the  ribs,  between  the  tubercles 
and  the  angles.  In  inspiration  thej  contract  and  assist  in  the 
elevation  of  the  ribs.  They  are  more  developed  in  man  than 
in  the  inferior  animals, 

A'U^iUary  Ifmdes  qf  In^iraiion, — The  mnscles  which 
have  just  been  considered  are  competent  to  increase  the  ca* 
pacitj  of  the  thorax  sufficiently  in  ordinary  respiration ;  tliere 
are  certain  muscles,  however,  which  are  attached  to  the  dies* 
and  the  upper  part  of  the  spinal  column^  or  upper  extremities, 
which  may  act  in  inspiration,  thou|^h  ordinarily  the  chest  is 
the  fixed  point,  and  they  move  the  head,  neck,  or  arms* 
These  muscles  are  brought  into  action  when  the  movements 
of  respiration  are  exaggerated*  When  this  exaggeration  Ia 
but  slight  and  physiologic alj  as  after  e^xercise,  certain  of  themi 
(ordinary  auxiliaries)  act  for  a  time,  until  the  tranquillity  of ' 
the  movements  is  restored-  But  when  there  is  obstruction 
in  the  respiratory  passages,  or  when  respiration  is  excessively^ 
difficult  from  any  cau^e,  threatening  suffocation,  all  the 
muscles  which  can  hy  any  possibility  raise  the  chest  are 
brought  iiito  action,  Tlie  principal  ones  are  put  down  in  the 
table  under  the  head  of  extraordinary  auxiliaries*  Most  of 
these  muscles  can  voluntarily  be  brought  into  play  to  raise 
the  chest,  and  the  mechanism  of  their  action  can  in  this  way 
be  demonstrated. 


SerroMs  Postimis  Superior. — This  muscle  arises  from  the 
ligamentum  nucbse,  the  spinous  processes  of  the  last  cerWcfll 
and  upper  two  or  three  dorsal  vertebroe,  its  fibres  pacing 
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obliquely  downwards  and  ontwards,  to  be  attached  to  the 
Upper  borders  of  the  second,  third,  fourth,  and  fifth  ribs  just 
l>eyond  their  angles.  By  reversing  its  action,  as  we  have  i^ 
Versed  the  description  of  its  origin  and  insertions,  it  is  capable 
of  increasing  the  capacity  of  the  thorax.  Sibson  has  seen 
this  muscle  contract  in  inspiration,  in  the  dog  and  the  ass.* 

Siemo-mastoideu^. — That  portion  of  the  muscle  which  is 
attached  to  the  mastoid  process  of  the  temporal  bone  and  the 
Btemum,  when  the  head  is  fixed,  is  capable  of  acting  as  a 
xntiscle  of  inspiration.  It  does  not  act  in  ordinary  respira- 
tion, but  its  contractions  can  be  readily  observed  whenever 
respiration  is  hurried  or  exaggerated. 

The  following  muscles,  as  a  rule,  only  act  as  muscles  of 
inspiration  when  respiration  is  exceedingly  difficult  or  la- 
bored. In  certain  cases  of  capillary  bronchitis,  for  example, 
the  anxious  expression  of  the  countenance  betrays  the  sense 
of  impending  suflTocation ;  the  head  is  thrown  back  and  fixed, 
the  shoulders  are  braced,  and  every  available  muscle  is 
brought  into  action  to  raise  the  walls  of  the  thorax." 

Xevatar  Anfftdi  Scajmlw  and  Superior  Portion  of  the 
Trajpezivs. — ^Movements  of  the  scapula  have  often  been  ob- 
served in  very  labored  respiration.  Its  elevation  during  in- 
spiration is  chiefly  effected  by  the  levator  anguli  scapulas 
and  the  upper  portion  of  the  trapezius.  The  former  arises 
from  the  transverse  processes  of  the  upper  three  or  four  cer- 
vical vertebrce,  and  is  inserted  into  the  posterior  border  of 
the  scapula  below  the  angle.  It  is  a  thick  flat  muscle,  and 
when  the  neck  is  the  fixed  point,  assists  in  the  elevation  of 
the  thorax  by  raising  the  scapula.  The  trapezius  is  a  broad 
flat  muscle  arising  from  the  occipital  protuberance,  part  of 
the  superior  curved  line  of  the  occipital  bone,  the  ligamentum 

»  Op,  ciL,  p.  621. 

'  Under  these  circumstances,  some  muscles  which  we  have  not  thought  it  ne- 
oessaiy  to  enumerate  may  act  indirectlj  as  muscles  of  uispiration. 
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niiclise,  and  the  spinous  processes  of  the  last  cervical  and  all 
the  dorsal  vertebra?,  to  bo  inserted  into  the  upper  border  of 
the  spine  of  the  scapula.  Acting  from  its  attachments  to  the 
occiput,  the  ligamentum  nuchee,  the  last  cervical  vertebra, 
and  perhaps  one  or  two  of  the  dorsal  vertebrse,  this  muscle 
may  elevate  the  scapula  and  assist  in  inspiration. 

Pedoralis  Minor  and  Inferior  Portion  of  the  Pectoralis 
Major, — ^These  muscles  act  together  to  raise  the  ribs  in  diflS- 
cult  respiration.  The  pectoralis  minor  is  the  more  efficient 
Tracing  it  from  its  attachment  to  the  coracoid  process  of  the 
scapula,  its  fibres  pass  downwards  and  forwards  to  be  attached 
by  three  indigitations  to  the  external  surface  and  upper  mar- 
gins of  the  third,  fourth,  and  fifth  ribs,  just  posterior  to  the 
cartilages.  With  the  coracoid  process  as  the  fixed  point,  tliis 
muscle  is  capable  of  powerfully  assisting  in  the  elevation  of 
the  ribs.  That  portion  of  the  pectoralis  major  which  is  at- 
tached to  the  lower  part  of  the  sternum  and  costal  cartilages 
is  capable  of  acting  from  its  insertion  into  the  bicipital 
groove  of  the  humerus,  when  the  shoulders  are  fixed,  in  con- 
cert with  the  pectoralis  minor.  In  great  dyspnoea,  it  is  fre- 
quently observed  that  tlie  shoulders  are  braced,  the  pectorals 
acting  most  vigorously  to  raise  the  walls  of  the  chest. 

Serratus  Magnus, — This  is  a  broad  thin  muscle  covering  a 
great  portion  of  the  hiteral  walls  of  the  thorax.  Attached  to  the 
inner  margin  of  the  posterior  border  of  the  scapula,  its  fibres 
pass  forwards  and  downwards,  and  are  attached  to  the  exter- 
nal surface  and  upper  borders  of  the  eight  superior  ribs. 
Acting  from  the  scapula,  this  muscle  is  capable  of  assisting 
the  pectorals  in  raising  the  ribs,  and  becomes  a  powerful  aux- 
iliaiy  in  ditHcult  inspiration. 

We  have  thus  considered  the  functions  of  the  principal 
inspiratory  muscles,  without  taking  up  those  which  have  an 
insignificant  or  undetermined  action.  In  many  animals  the 
n ares  are  considerably  distended  in  inspiration;  and  in  the 
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lorse,  which  does  not  respire  bj  the  mouth,  these  movements 
are  as  essential  to  life  as  are  the  respiratory  movements  of  the 
larynx.  In  man,  as  a  rule,  the  nares  undergo  no  movement 
imless  respiration  be  somewhat  exaggerated.  In  very  diffi- 
cult respiration  the  mouth  is  opened  at  each  inspiratory  act. 
"We  have  not  thought  it  necessary  to  treat  of  the  action  of 
those  muscles  which  serve  to  fix  the  head,  neck,  or  shoulders 
in  dyspnoea. 

The  division  into  muscles  of  ordinary  inspiration,  ordi- 
xiary  auxiliaries,  and  extraordinary  auxiliaries,  must  not  be 
-taken  as  absolute.     In  the  male,  in  ordinary  respiration,  the 
cliaphragm,  intercostals,  and  levatores  costarum  are  the  great 
inspiratory  muscles,  and  the  action  of  the  scaleni,  with  the 
consequent  elevation  of  the  sternum,  is  commonly  very  slight, 
or  perhaps  wanting.     In  the  female,  the  movements  of  the 
tipper  parts  of  the  chest  are  very  marked,  and  the  scaleni,  the 
laerratus  posticus  superior,  and  sometimes  the  stemo-mastoid, 
wure  brought  into  action  in  ordinary  respiration.    In  the  vari- 
ous types  of  respiration,  the  action  of  the  muscles  engaged  in 
ordinary  respiration  necessarily  presents  considerable  varia- 
-fcions. 
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CHAPTER  XI. 

MOVEMENTS  OF  EXPIRATION. 

Influence  of  the  elasticity  of  the  pulmonary  structure  and  walls  of  the  diest— 
Musdesof  expiration— Internal  intercostals — InfraKXMtales — ^Triangularis  ster- 
ni— Action  of  the  abdominal  muscles  in  expiration — ^Types  of  respiration- 
Abdominal  type — ^Inferior  costal  type — Superior  costal  type — ^Frequency  of  the 
respbatory  movements — Rdadons  of  inspiration  and  expiration  to  eadi  other — 
The  respiratory  sounds — Coughing — Sneezing — ^hing — ^Tawning — ^Laugh- 
ing— Sobbing — Hiccough — Capacity  of  the  lungs  and  the  quantity  of  air 
changed  in  the  respiratory  acts — ^Residual  air — ^Reserve  air — ^Tidal,  or  breathing 
air — Complemental  air — ^Extreme  breathing  capacity — Relations  in  Tolume  of 
the  expired  to  the  inspired  air — ^Diffusion  of  air  in  the  lungs. 

The  air  is  expelled  from  the  lungs,  in  ordinary  expiration, 
by  a  simple  and  comparatively  passive  process.  The  lungs 
contain  a  great  number  of  elastic  fibres  surrounding  the  air- 
cells  and  the  smallest  ramifications  of  the  bronchial  tubes, 
which  give  them  great  elasticity.  We  can  form  an  idea  of 
the  extent  of  elasticity  of  these  organs,  by  simply  removing 
them  from  the  chest,  when  they  collapse  and  become  many 
times  smaller  than  the  cavity  which  they  before  completely 
filled.  The  thoracic  walls  are  also  very  elastic,  particularly 
in  young  persons.  After  the  muscles  which  increase  the 
capacity  of  the  thorax  cease  their  action,  the  elasticity  of  the 
costal  cartilages  and  the  tonicity  of  muscles  which  have  been 
put  on  the  stretch,  will  restore  the  chest  to  what  we  may  call 
its  passive  dimensions.  This  elasticity  is  likewise  capable  of 
acting  as  an  inspiratory  force  when  the  chest  has  been  com- 
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pressed  in  any  way.  There  are  also  certain  muscles,  the 
action  of  which  is  to  draw  the  ribs  downward,  and  which,  in 
tranquil  respiration,  are  antagonistic  to  those  which  elevate 
the  ribs.  Aside  from  this,  many  operations,  such  as  speak- 
ing, blowing,  singing,  etc.,  require  powerfiil,  prolonged,  or 
complicated  acts  of  expiration,  in  which  numerous  muscles 
are  brought  into  play. 

Expiration  may  be  considered  as  depending  upon  two 
causes: 

1.  The  passive  influence  of  the  elasticity  of  the  lungs  and 
the  thoracic  walls. 

2.  The  action  of  certain  muscles,  which  either  diminish 
the  transverse  and  antero-posterior  diameters  of  the  chest  by 
depressing  the  ribs  and  sternum,  or  the  vertical  diameter  by 
pressing  up  the  abdominal  viscera  behind  the  diaphragm. 

Inflvence  of  the  Elasticity  of  the  Pvlmonary  Structure 
and  WcHIb  of  the  Chest. — It  is  easy  to  understand  the  in- 
flaence  of  the  elasticity  of  the  pulmonary  structure  in  expi- 
ration.   From  the  collapse  of  the  lungs  when  openings  are 
made  in  the  chest,  it  is  seen  that  even  after  the  most  complete 
expiration,  these  organs  have  a  tendency  to  expel  part  of  their 
gaseous  contents,  which  cannot  be  fully  satisfied  until  the 
chest  is  opened.    They  remain  partially  distended,  from  the 
impossibility  of  collapse  of  the  thoracic  walls  beyond  a  certain 
point ;  and  by  virtue  of  their  elasticity,  they  exert  a  suction 
tbrce  upon  the  floor  of  the  thorax,  the  diaphragm,  causing  it 
to  form  a  vaulted  arch  or  dome  above  the  level  of  the  lower 
circumference  of  the  chest.     When  the  lungs  are  collapsed, 
the  diaphragm  hangs  loosely  between  the  abdominal  and 
thoracic  cavities.     In  inspiration  and  in  expiration,  then,  the 
relations  between  the  lungs  and  diaphragm  are  reversed.    In 
inspiration,  the  descending  diaphragm  exerts  a  suction  force 
oa  the  lungs,  drawing  them  down ;  in  expiration,  the  elastic 
lungs  exert  a  suction  force  upon  the  diaphragm  drawing  it 
up.    This  antagonism  is  one  of  the  causes  of  the  great  power 
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of  the  diaphragm  m  an  inspiratorr  mnscle*  Carson,  in  1820/ 
was  the  first  to  note  the  relation  of  the  elasticity  of  the  lungs 
to  the  expulsion  of  air.  Introdneing  a  U  tube  partly  tilled 
with  water  into  the  trachea  of  an  aninml  just  killed,  and 
securing  it  by  a  ligatiu^,  this  observer  noted  a  coosiderablt* 
pressure  on  opening  the  chest;  equal  in  the  calf,  sheep,  or 
dog  to  a  eoltinm  of  water  of  from  12  to  18  ineheSj  and  in  the 
cat  or  rabbity  from  B  to  10  inches** 

The  elasticity  of  the  lungs  operates  chiefly  upon  the  dia- 
phrngrn  in  rednciiig  the  capacity  of  the  chest;  lor  the  walk 
of  the  tliorax,  by  virtue  of  their  own  elastieitv,  have  a  reacs 
tion  wliich  succeeds  the  movements  produced  by  the  in^^pi- 
ratory  muscles,  A  simple  experiment,  which  we  have  often 
perf^jrmed  in  public  demonstrations,  illustrates  the  chief  ex- 
piratory influence  of  the  elasticity  of  the  lunga  If,  in  an 
aniiiuil  just  killed,  we  open  the  abdomen,  seize  hold  of  the 
vena  cava  as  it  passes  through  the  diaphragm,  and  make 
traction,  we  imitate  the  action  of  this  muscle  sufliciently  to 
produce  at  times  au  audible  luspjrjitiou  ;  on  loo&ingour  hold, 
we  have  expiration,  as  it  is  in  a  measure  accompHahetl  in 
natural  respiration,  by  virtue  of  the  resiliency  of  the  lungs^ 
carrying  the  diaphragm  up  into  the  thorax. 

Though  ttiis  is  the  main  action  of  the  lungs  themselves  . 
in  ex[)iration,  tlieir  relations  to  the  walls  of  the  thorax  are  « 
important.  By  virtue  of  their  elasticity^  they  assist  the  pas-  - 
6ive  collapse  of  the  chest.  When  they  lose  this  property  to  * 
any  eoiisidcrahle  extent,  as  in  vesicular  cmphygema,  they^ 
offer  a  notable  resistauce  to  the  contraction  of  the  thorax ;  m  ^ 
much,  indeed,  that  in  old  cases  of  this  disease  the  movenienUJ 
are  much  restricted,  and  the  chest  presents  a  characteriittjc  ^ 

^  If^  AJter  nothig  tfae  «tDviitioh  in  tbo  UqujJ  due  to  tlid  ckjrtJi^itjr  of  the  hmp% 
Uieao  ongma  be  itlmulited  by  m^m  of  n  cur?eut  of  galr^i^m,  dm  lujuid  will 
gmduiLllf  Hue,  in  olx'dk'ueo  to  thu  contmciions  of  ihe  roiu»cuJmr  d^nciila  of  the 
brcincluAl  tube?}.  Tbiii  slow  conimclioii,  cbumctcdstic  4>f  the  noii'^triatcd  iirus;(^ 
lar  abroi^p  doet)  iiot  ittterrene  m  the  phjsiologiea]  phenomena  of  ^xptntloa,  b^^ 
Ihe  aeiiou  of  tbe^v  fibres  la  importiint  id  certain  caat^s  of  dkeucv 


-^21 


:x  0 


wm 


EXPIRATION.  385 

rounded  and  distended  appearance.  In  Bome  of  these  cases 
the  elasticity  of  the  lungs  is  so  far  lost,  that  when  the  chest 
is  opened  after  death,  they  are  actually  protruded,  instead  of 
collapsed/ 

Little  more  need  be  said  concerning  the  passive  move- 
ments of  the  thoracic  walls.  When  the  action  of  the  inspi- 
ratory muscles  ceases,  the  ribs  regain  their  oblique  direction, 
the  intercostal  spaces  are  narrowed,  and  the  sternum,  if  it 
Lave  been  elevated  and  drawn  forward,  falls  back  to  its  place 
by  the  simple  elasticity  of  the  parts. 

Action  of  MuBcles  in  £!a^piraUon.-r-The  following  are  the 
principal  muscles  concerned  in  expiration  : 


Mvsdea  of  JStpira^on. 

QRDINART  RESPIRATION. 

Mu$eU.  AUaehmente. 

OMeouspcMrtioii  of  Internal  Intercostals.  .Inner  borders  of  the  ribs. 

Infripcofitales Inner  surfaces  of  the  ribs. 

Trkngnlaris  Stem! Ensiform    cartilage,   lower   borders    of 

sternum,  lower   three  or  four  costal 

cartilages cartilages  of  the  second, 

third,  fourth,  and  fifth  ribs. 

'  In  old  cases  of  emphysema,  the  chest  generally  becomes  rounded  and  dis- 
tended, presenting  constantly  the  appearance  which  it  has  in  forced  inspiration. 
This  is  explained  in  the  following  way :  Emphysema  is  generally  preceded  and 
leoompanied  by  a  difficulty  in  respiration,  from  some  cause  which  is  more  or  less 
constant.  This  gives  rise  to  frequent  violent  movements  of  inspiration,  when  the 
ImgB  and  chest  are  distended  to  their  utmost  capacity.  In  this  condition,  expi- 
ration is  difficult,  and  the  chest  collapses  but  imperfectly.  Gradually,  as  the  per- 
rnanent  dilatation  of  the  air-cells  gains  ground,  the  lungs  lose  their  elasticity,  and 
offer  considerable  resistance  to  the  collapse  of  the  thoracic  walls.  But  difficult 
breathing,  and  consequent  violent  elevation  of  the  ribs,  becomes  more  and  more 
frequent;  the  diest  is  constantly  dilated,  the  lungs  following,  of  course,  but  refus- 
ing to  collapse  in  expiration,  until  the  chest  becomes  permanently  distended.  In 
this  condition,  the  lungs  press  downward,  as  well  as  laterally,  and  the  movements 
of  the  diaphragm  are  considerably  restricted. 
25 
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AuxUiarieg. 


Muscle,  AttaekmmUs. 

ObliquuB  Extemus External  surface  and  inferior  bordcr^^^  J^ 

eight  inferior     ribs the    ante-""^^* 

half  of  the  crest  of  the  ileum,  F===^ou. 
partes  ligament,  llnea  alba. 

Obliquus  Intemus Outer  half  of  Poupart's  ligament,  ai^^*^ 

rior  two-thirds  of   the    crest  of  ^ 

ileum,  lumbar  fascia^— cartilages  ^^ 

four  inferior  ribs,  lineal  alba^  crests"  i-  of 
the  pubis,  pectineal  line. 

TnmsYersalis Outer  third  of  Poupart's  ligament,  aE — ^^ 

rior  two-thirds  of  the  crest  of  "^* 
ileum,    lumbar   TertebrsB,   inner  ^^^^ 

face  of  cartilages  of  ax  inferior  ir i^ 

crest  of  the  pubis,  pectineal  l^^S^ 

linea  alba. 

Sacro-lumbalis Sacrum angles   of  the  six  infe^^^*** 

ribs. 

Internal  IntercostaU. — The  internal  intercostals  have  (grHif- 
ferent  functions  in  different  parts  of  the  thorax.     They  i 
attached  to  the  inner  borders  of  the  ribs  and  costal  cartila 
Between  the  ribs  they  are  covered  by  the  external  intere-      ^^ 
tals,  but  between  tlie  costal   cartilages  are  simply  cover:     ^ 
by  aponeurosis.     Their  direction  is  from  above  downwa^^^"^!^ 
and  backwards,  at  riglit  angles  to  the  external  intercostf^^^- 
The  function  of  that  portion  of  the  internal  intercostals  si      ^"' 
ated  between  the  costal  cartilages  has  already  been  not^^^^- 
They  assist  the  external  intercostals  in  elevating  the  ribs         ^^^ 
inspiration.     Between  the  ribs  these  muscles  are  directly  j^s^^^' 
tagonistic  to  the  external  intercostals.    They  are  more  near:^^    "^ » 
at  right  angles  to  the  ribs,  particularly  in  that  portion  of  t:^^^^ 
thorax  where  the  obliquity  of  the  ribs  is  greatest.     The  c-^^^ 
servatious  of  Sibson  have  shown  that  they  are  elongraf^^^*^^ 
when  the  chest  is  distended,  and  shortened  when  the  chest^^^^^ 
collapsed.     This  fact,  taken  in  connection  with  experimei  "^  ^ 
on  living  animals,  shows  that  they  are  muscles  of  expiratic:^-'^^  . 
Their  contraction  tends  to  depress  the  ribs,  and  consequendT  -^^ 
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to  diminish  the  capacity  of  the  chest.  If  we  bring  an  ani- 
mal, a  dog  for  example,  completely  under  tlie  influence  of 
ether,  expose  the  walls  of  the  chest,  dissect  off  the  fascia  from 
Bome  of  tho  external  intercostals,  then  remove  carefully  a 
pK>rtion  of  one  or  two  of  these  muscles  so  as  to  expose  the 
fibres  of  the  internal  intercostals,  it  is  not  diflScult,  on  close 
examination,  to  observe  the  antagonism  between  the  two  sets 
of  muscles ;  one  being  brought  into  action  in  inspiration  and 
the  other  in  expiration. 

Infrorcostales. — These  muscles,  situated  at  the  posterior 
part  of  the  thorax,  are  variable  in  size  and  number.  They 
are  most  common  at  the  lower  part  of  the  chest.  Their 
fibres  arise  from  the  inner  surface  of  one  rib  to  be  inserted 
into  the  inner  surface  of  the  first,  second,  or  third  rib  below. 
The  fibres  follow  the  direction  of  the  internal  intercostals, 
and  acting  from  their  lower  attachments,  their  contractions 
assist  these  muscles  in  drawing  down  the  ribs. 

Triangvlaris  Sterni. — There  has  never  been  any  doubt 
concerning  the  expiratory  function  of  the  triangularis  sterni. 
From  its  origin,  the  ensiform  cartilage,  lower  borders  of  the 
sternum,  and  lower  three  or  four  costal  cartilages,  it  acts 
upon  the  cartilages  of  the  second,  third,  fourth,  and  fifth  ribs, 
to  which  it  is  attached,  drawing  them  downwards,  and  thus 
diminishing  the  capacity  of  the  chest. 

The  above-mentioned  muscles  are  called  into  action  in 
ordinary  tranquil  respiration,  and  their  solo  function  is  to 
diminish  the  capacity  of  the  chest.  In  labored  or  difficult 
expiration,  and  in  the  acts  of  blowing,  phonation,  etc.,  other 
muscles,  which  are  called  auxiliaries,  play  a  more  or  less 
important  part.  These  muscles  all  enter  into  the  formation 
of  the  walls  of  the  abdomen,  and  their  general  action  in 
expiration  is  to  press  the  abdominal  viscera  and  diaphragm 
into  the  thorax,  and  diminish  its  vertical  diameter.  Their 
action  is  voluntary ;  and  by  an  effort  of  the  will  it  may  be 
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opposed  more  or  l^ss  by  tho  diaphragm,  by  wliich  meanni 
duration  or  intensitj  of  the  expiratory  ac*t  is  regulated*^ 
TLey  are  aleo  attached  to  the  ribs  or  costal  cartilages,  and 
while  they  pj*e8§  op  the  fliaphragin^  depress  the  ribs,  and 
thus  diminijsh  the  antero-posterior  and  transverse  diaoieters 
of  the  chest*  In  this  action  they  may  be  opposed  by  the 
voluntary  action  of  the  muscles  which  raiise  the  rib^t,  aleo 
for  the  purpose  of  regulating  the  character  of  the  ex]nratory 
at^t.  The  importance  of  this  kind  of  action  in  declamation, 
singing,  blowing,  etc.j  i^  evident;  and  the  skill  exhibited  bj 
vocsalists  and  performers  on  wind  iuBtruments  shows  how^J 
delicately  tbis  may  be  regulated  by  practice.  ^M 

In  labored  respiration  in  disease^   and  in  the  hurried 
respiration  after  violent  exercise^  the  auxiliary  muscles  of  ex*- 
piration,  as  well  as  of  inspiration,  are  called  into  action  to 
considerable  extent. 


OUi-qtms  Mpkmt^. — This  muBcle,  in  coimeetion  with  the 
obliquus  intern  us  and  transversaliSj  is  eflScient  in  forced  or 
labored  expiration^  l»y  pressing  tho  abdominal  viscera 
against  the  diapliragm.  Its  fibres  run  obliquely  from  alxjve 
downw^ards  and  ibrwards.  Acting  fi-om  its  attachments  to 
the  hnea  alba,  crest  of  the  ileunx^  and  Poupart's  ligament,  bjj 
its  attachment  to  the  eight  inferior  ribs,  it  draws  the  ril 
downwards. 

OMiquuB  Ifdermm, — This  mnsde  also  acta  in  forced  ei 
ration  by  compressing  the  abdominal  viac*era.  The  direction 
of  its  fibres  is  from  below  upwards  and  forwarfs.  Acting 
from  it^  attachments  to  the  crest  of  the  Oetiraj  Ponpart's  lig 
ament,  and  the  lumbar  fascia,  by  its  attachments  tu  the  frarti*! 
lages  of  the  four  inferior  ribSj  it  draws  tbcm  downwards. 
The  direction  of  the  fibres  of  this  biuscIr  is  the  same  as  that 
of  the  internal  intercostal^.  By  its  action  the  ribs  are  dra\i*i 
inwards  as  well  as  do\vnwarda. 

Tran^mrsalu, — The  expiratory  action  of  this  mtiscle 
mainly  in  compressing  the  abdominal  viscera* 
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Sacro-lmriialw. — ^This  muscle  is  situated  at  the  posterior 
portion  of  the  alKlomeu  and  thorax.  Its  fibres  pasd  trom  its 
ori^n  at  the  sacrum,  upwards  and  a  little  outwardSj  to  be 
in&erted  into  the  bis  interior  ribs  at  tlieir  angles.  In  expira- 
tion it  draws  the  ribe  downwards,  acting  as  au  antugoniflt  to 
the  lower  levatores  costarum- 

There  are  some  other  mns^les  which  may  he  brought  into 
action  hi  tbrced  ex^-^iration,  asisisting  in  tltc  depression  of  tlie 
ribti;  such  as  the  serratns  posticus  inferior,  the  superior  fibres 
of  the  serratiis  magnus,  the  inferior  portion  of  tlie  traperius; 
but  their  timction  is  unimportant,* 

Typm  of  Rmpiraiwn. — In  the  expansive  movenieats  of 
the  chest,  though  all  the  muscles  which  have  been  classed  as 
ordinary  inspiratory  muscles  are  brought  into  actton  to  a 
greater  or  less  extent,  the  tact  that  certain  aets  may  act  in  a 
more  marked  manner  than  others  has  led  physLologists  to 
recognize  ditferent  tv]:ie8  of  respiration.  Following  Beau 
and  Maissiatj  three  types  are  generally  given  in  works  on 
phj^mology:* 

1 ,  The  AhJomhiiil  iype^ — In  thi;?,  the  action  of  the  dia- 
phragm, and  the  consequent  movements  of  the  abdomen,  are 
most  prominent. 

2.  The  Infermr  Costal  type, — In  tliisj  the  actifm  of  the 
mnacles  M^hich  expand  the  lower  part  of  the  thorax,  from 
the  seventh  rib  inclusive,  is  most  prominent. 

3-  The  Superior  Costal  tt/j}e, — In  thh^  the  action  of  the 
muscles  wliich  dilate  the  thorax  above  the  seventh  rib,  and 
wbicli  elevate  the  entire  chesty  is  most  proniinetit, 

^  It  id  unccrUiii  whether  the  straight  znuscks  of  the  ahdoiDet)  &m  e^er  con- 
oemetj  In  e^iralion^  Wmtn  their  sUuiitiou^  it  might  be  supposed  that  they  vouM 
lattvc  ^ome  action  hi  the  in<]re  violeot  phvui>mea»  of  expiralloEi,  mieh  us  tneezmg, 
,  cryiug,  ctv. ;  hut  IkAu  aiut  Miia^itl,  wlio  huv<3  hiTCVtigitod  thaw  qnoi 
\  wetf  CMieMlyt  itato  that  iu  dc^  Ihej  h&vc  uerer  Beta  tlMM  mmKlii  ftflt, 
tvt!n  In  the  mmt  violfiiit  efl^t^.    (Archhes  Ginh'ale^  4th  aeriei|  rol  lit] 
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The  abdominal  type  is  most  marked  in  children  under 
tlie  afije  of  three  years,  irrespective  of  sex.  In  them,  respira- 
tion is  carried  on  almost  exclusively  by  the  diaphragm. 

At  a  variable  period  after  birth,  a  difference  in  the  types 
of  respiration  in  the  sexes  begins  to  show  itself.  In  the  male 
the  abdominal,  conjoined  with  the  inferior  costal  type,  is  pre- 
dominant, and  continues  thus  through  life.  In  the  female  the 
inferior  costal  type  is  insignificant,  and  the  superior  costal 
type  predominates.  Observers  differ  in  their  statements  of 
the  period  when  this  distinction  in  the  sexes  becomes  appa- 
rent. Haller  states  that  he  observed  a  difference  in  cliildren 
less  than  a  year  old.  Beau  and  Maissiat  state  that  after  the 
age  of  three  years  the  superior  costal  type  begins  to  be  marked 
in  the  female.  Sibson  states  that  no  great  difference  is  ob- 
servable before  the  age  of  ten  or  twelve  years.*  Without 
discussing  the  nice  question  as  to  the  exact  age  when  this 
difference  in  the  sexes  first  makes  its  appearance,  it  may  be 
stated  in  general  terms,  that  shortly  before  the  age  of  pu- 
berty, in  tlie  female,  the  superior  costal  type  becomes  more 
marked,  and  soon  predominates ;  while  in  the  male,  respira- 
tion continues  to  be  carried  on  mainly  by  the  diaphragm  and 
lower  part  of  the  chest. 

Tlie  cause  of  the  excessive  movements  of  the  upper  part 
of  the  chest  in  the  female  has  been  the  subject  of  considerable 
discussion.  It  is  evident  that  it  is  not  due  to  the  mode  of 
dress  now  so  general  in  civilized  countries,  which  confines  the 
lower  part  of  the  chest,  and  would  render  movements  of  ex- 
pansion somewlitit  difficult,  for  the  same  phenomenon  is  ol)- 
servcd  in  young  girls,  and  others  who  have  never  made  use 
of  such  appliances.  But  there  is  evidently  a  physiological 
condition,  the  enlargement  of  the  uterus  in  gestation,  which 
at  certain  times  would  nearly  arrest  all  respiratory  move- 
ments, excepting  those  of  the  upper  part  of  the  chest.  The 
peculiar  mode  of  respiration  in  the  female  is  a  provision  of 
Nature  against  the  mechanical  difficulties  which  would  other- 

*  LoxoKT,  Traite  de  Physiolygie^  Paris,  1861,  tome  i.,  p.  617. 
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wise  follow  the  physiological  enlargement  of  the  uterus.  In 
pathology  it  is  observed  that,  in  consequence  of  this  peculiar- 
ity, females  are  able  to  carry,  without  great  inconvenience, 
immense  quantities  of  water  in  the  abdominal  cavity ;  while 
a  much  smaller  quantity,  in  the  male,  produces  great  distress 
from  diflSculty  of  breathing.* 

Frequency  of  the  Bespiratory  Movements. — ^In  counting 
the  respiratory  acts,  it  is  desirable  that  the  subject  be  uncon- 
scious of  the  observation,  otherwise  their  normal  character  is 
apt  to  be  disturbed.  Of  all  who  have  written  on  this  sub- 
ject, Hutchinson  presents  the  most  numerous  and  convincing 
collection  of  facts.  This  observer  ascertained  the  number  of 
respiratory  acts  per  minute,  in  the  sitting  posture,  in  1,897 
males.  The  results  of  his  observations,  with  reference  to  fre- 
quency, are  given  in  the  following  table:' 

BwplntloiiB  per  mlnnto.                                                                  Number  of  cases. 
From  9  to  16 79 

16  239 

17  105 

18  195 

19  : 74 

20  661 

21  129 

22 143 

28  42 

24  243 

24  to  40 87 

Though  this  table  shows  considerable  variation  in  differ- 
ent individuals,  the  great  majority  (1,731)  breathed  from  six- 
teen to  twenty-four  times  per  minute.  Nearly  a  third 
breathed  twenty  times  per  minute,  a  number  which  may  be 
taken  as  the  average. 

>  Modifications  of  the  t^-pes  of  respiration  by  disease  are  frequently  very 
marked.  In  peritonitis,  when  movements  of  the  diaphragm  would  be  productive 
of  eicessive  pain,  the  abdominal  type  may  be  wholly  suppressed.  In  the  early 
stages  of  acute  pleurisy,  the  affected  side  may  become  nearly  or  quite  motionless. 

*  CtfdopwHa  of  Anatomy  and  Physiologif^  vol  iv.,  part  iu,  p.  1085. 
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The  relations  of  the  respiratory  acts  to  the  pulse  are  qniy  gr^te 
constant  in  health.    It  has  been  shown  by  Hutchinson  th.-«i-Iiat 
the  proportion  in  the  great  majority  of  instances  is  one  r-^     re- 
spiratory act  to  every  four  pulsations  of  the  heart.    The  sattit:»  me 
proportion  generally  obtains  when  the  pulse  is  accelerated  i:       -  in 
disease,  except  when  the  pulmonary  organs  ai*e  involved. 

Age  has  an  influence  on  the  frequency  of  the  respirator^^^^rj 
acts,  corresponding  with  what  we  have  already  noted  wit^  -3tli 
regard  to  the  pulsations  of  the  heart. 

Quetelet  gives  the  following  as  the  results  of  obeervatioi^  ^ns 
on  300  males : 

44  respirations  per  minute  soon  after  birth ; 

26,  at  the  age  of  five  years ; 

20,  at  the  age  of  fifteen  to  twenty  years ; 

19,  at  the  age  of  twenty  to  twenty-five  years ; 

16,  about  the  thirtieth  year ; 

18,  from  thirty  to  fifty  years. 

The  influence  of  sex  is  not  marked  in  very  young  chZ'-^  -^^* 
dren.  The  same  observer  noted  no  diflference  between  mslm  M^^^ 
and  females  at  birth  ;  but  in  young  women  the  respiratiot^  ^^:3BS 
are  a  little  less  frequent  than  in  young  men  of  the  saiir^^^^^^ 
age/ 

The  various  pliysiological  conditions  which  have  bee^^'^^^ 
noted  as  afteeting  the  pulse  have  a  corresponding  influence:^  ^mzJ^^ 
on  respiratiou.  In  sleep  the  number  of  respiratory  acts  i:  ^  ^^ 
diminished  about  twenty  per  cent  (Quetelet).  Muscular  er^^  ^' 
fort  accelerates  the  respiration  pari  passu  with  the  movc^^'^  ^^ 
ments  of  the  heart. 

Belations  of  Inspiration  and  Expiration  to  each  other.— ^ '^ 

The  Respiratorij  Sounds. — In  ordinary  respiration,  inspira^*'^  *^. 
tion  is  produced  by  the  action  of  muscles,  and  expiration,  \\f  5^      * 
greatest  part,  by  the  passive  reaction  of  the  elastic  walls  ot:  <^ 
the  thorax  and  the  lungs.     The  inspiratory  and  expirator^''^^^ 
acts  do  not  immediately  follow  each  other.     Commencing ^^^  ^ 

*  Milne-Edwards,  Lefoiia  de  Physiologie^  tome  ii.,  pp.  482,  488. 
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with  mspiration,  it  is  found  that  tins  act  maintains  abont  the 
aaiJie  intenfiitj  from  its  commenceiijent  to  its  tenniuutioa ; 
there  is  then  a  very  brief  Interval,  when  expiration  follows, 
which  has  ita  maximum  of  intensity  at  the  commeneement 
of  the  act,  and  gradually  dies  away,*  Between  the  acts  of  ex- 
piration and  int^piratian  is  an  interval,  somewhat  longer  than 
that  which  occnrs  atlter  inspiration. 

The  duration  of  expiration  is  generally  somewhat  greater 
than  that  of  inspiration,  though  they  may  be  neariy,  or  in 
some  instances  qiiite,  eqimh 

Atlter  from  five  to  eight  ordinary  rc6piratory  actSj  one 
generally  occurs  which  is  rather  more  profound  than  the  res^t, 
and  by  which  the  air  in  the  lungs  is  more  etfectnally  change<h 
The  temporary  arrest  of  the  actii  of  respiration  in  all  violent 
muscular  efforts,  in  straining,  in  parturition,  etc*,  is  familiar 
to  aU. 

Ordinarily  respiration  is  not  accompanied  by  any  sound 
which  can  be  heard  without  applying  the  ear  directly,  or  by 
the  intervention  of  a  fitethoscope,  to  the  respiratory  organs; 
excepting  when  the  montli  is  closed,  and  breathing  is  carried 
on  exclusively  through  the  nasal  poiisages,  %vlien  a  soil, 
breezy  tnnrmnr  accompanies  both  acta.  If  the  mouth  be 
ButBciently  ofiened  to  admit  the  iVee  passive  of  air^  no  sound 
ie  to  be  heard  in  health*  In  sleep,  the  respirations  are  nn- 
astially  profound ;  and  if  the  mouth  be  closed,  the  sound  is 
rather  more  intense  tlian  usuah 

^loring^  a  pecidiai'  sound ,  moi^  or  less  marked,  which 
sometimes  accompanies  the  respiratory  acta  during  sleep,  oc- 
curs when  the  air  passes  tln*ough  both  the  mouth  and  the 
nose.  It  is  more  marked  in  inspiration,  sometimes  accom- 
panying both  acts,  and  sometimes  not  heard  in  expiration. 
It  is  not  neeessary  to  describe  the  characters  of  a  sound  so 


*  In  lisleDiog  lo  the  rcapiratory  mut-mur  over  the  aubetonco  of  tlie  lungs,  the 
^q^fmlorj  f^Uaira  Uie  iosptmtory  sound  wUhuul  aa  Int^iriU  (Ri?c  ji.  Z^^},    The 
B   |0Ic«ta1  betfroea  lliQ  acte  of  tnspimtiou  &iid  eipiimtioD  la  odIj  ft^iprtHftiitaU  fte  Ute 
I    lir  pMMCi  10  *d4  out  At  the  mouth. 
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familiar.  Snoring  is  an  idiosyncrasy  Tvith  many  individuals, 
though  those  who  do  not  snore  habitually  may  do  so  when 
the  system  is  imusually  exhausted  and  relaxed.  It  only  oc- 
curs when  the  mouth  is  open,  and  the  solind  is  produced  by 
a  vibration,  and  sort  of  flapping,  of  the  velum  pendulum  par 
lati  between  tlie  two  currents  of  air  from  the  mouth  and 
nose,  together  with  a  vibration  in  the  column  of  air  itself. 

The  auscultatory  phenomena  which  accompany  the  act  of 
respiration  have  been  made  the  subject  of  special  experimen- 
tal observations  by  Dr.  Flint,  who,  from  carefully  recorded 
examinations  of  a  large  immber  of  healthy  persons,  has  ar- 
rived at  the  following  conclusions :  * 

Applying  the  stethoscope  over  the  larynx  or  trachea,  a 
somid  is  heard,  of  a  distinctly  and  purely  tubular  character, 
accompanying  both  acts  of  respiration.  In  inspiration,  "it 
attains  its  maximum  of  intensity  quickly  after  the  develop- 
ment of  tlie  sound,  and  maintains  the  same  intensity  to  the 
close  of  tlie  act,  when  the  sound  abruptly  ends,  as  if  sudden- 
ly cut  off."  After  a  brief  interval,  the  sound  of  expiration 
follows.  This  is  also  tubular  in  quality ;  it  soon  attains  its 
maximum  of  intensity,  but,  unlike  the  sound  of  inspiration, 
gradually  dies  away  and  is  lost  imperceptibly.  It  is  seen 
that  these  phenomena  correspond  with  the  nature  of  the  two 
acts  of  respiration. 

Sounds  approximating  in  character  to  the  foregoing  are 
heard  over  the  bronchial  tubes  before  they  penetrate  the 
luutrs. 

Over  the  substance  of  the  lungs,  a  souiid  may  be  heard 
entirely  different  in  it^  character  from  that  heard  over  the 
larynx,  trachea,  or  bronchial  tubes.  In  inspiration,  the  sound 
is  much  less  intense  than  over  the  trachea,  and  has  a  breezy, 
expansive,  or  what  is  called  in  auscultation  a  "vesicular  char- 
acter.   It  is  much  lower  in  pitch  than  the  tracheal  sound.  It 

*  Flint,  Physical  Exploration  and  Diagnosis  of  Diseases  affecting  the  iZap*- 
raxory  Organs^  rhiladelpliia,  1856,  p.  137  ct  seq.  W'e  give  but  a  brief  summary 
of  these  results,  which  are  specially  applied  to  auscultation  iu  disease. 
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is  continaouR,  and  rather  increases  in  intensity  from  its  com- 
mencement to  its  termination;  ending  abruptly,  like  the 
tracheal  inspiratory  sonnd.  The  sound  is  produced  in  part 
by  the  movement  of  air  in  the  small  bronchial  tubes,  but 
chiefly  by  the  expansion  of  the  innumerable  air-cells  of  the 
lungs.  It  is  followed,  without  an  interval,  by  the  sound  of 
expiration,  which  is  shorter,  one-fifth  to  one-fourth  as  long, 
lower  in  pitch,  and  very  much  less  intense.  A  sound  is  not 
always  heard  in  expiration.  In  fifteen  examinations  record- 
ed by  Dr.  Flint,  five  presented  no  expiratory  sound. 

The  variations  in  the  intensity  of  the  respiratory  sounds 
in  different  individuals  are  very  considerable.  As  a  rule 
they  are  more  intense  in  young  persons;  which  has  given 
rise  to  the  terra  puerile  respiration^  when  the  sounds  are 
exaggerated  in  parts  of  the  lung,  in  certain  cases  of  disease. 
The  sounds  are  generally  more  intense  in  females  than  in 
males,  particularly  in  the  upper  regions  of  the  thorax. 

It  is  difficult  by  any  description  or  comparison  to  convey 
an  accurate  idea  of  the  character  of  the  sounds  heard  over 
the  lungs  and  air-passages ;  and  it  is  superfluous  to  make  the 
attempt,  when  they  can  be  so  easily  studied  in  the  living 
subject. 

Coughingy  Sneezmg^  Sighing^  Yavytiing^  Laughing^  /Sobbing^ 
and  Hiccough. 

These  peculiar  acts  demand  a  few  words  of  explanation. 

Coughing  and  sneezing  are  generally  involuntary  acts, 
produced  by  irritation  in  the  air-tubes  or  nasal  passages; 
though  cough  is  often  voluntary.  In  both  of  tliese  acts  there 
is  first  a  deep  inspiration,  followed  by  convulsive  action  of 
the  expiratory  muscles,  by  which  the  air  is  violently  expelled 
with  a  characteristic  sound,  in  the  one  case  by  the  mouth, 
and  in  the  other  by  the  mouth  and  nares.  Foreign  bodies 
lodged  in  the  air-passages  are  frequently  expelled  in  violent 
fits  of  coughing.     In  hypersecretion  of  the  bronchial  mucous 
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membranej  tlie  accumulated  mucus  is  carried   bj  the 
of  coughuig  either  to  the  mouth,  or  well  into  the  haji 
whence  it  is  expelled  by  the  act  of  expectoration.     Wlia 
cither  of  these  acts  is  the  result  of  irritation,  either  from 
foreign  subgtajiee  or  aecretioii&,  it  umy  l>c  modified  or  partly^ 
smothered  by  the  will,  but  is  not  completely  under  control. 
The    exquisite    sensibilitj    of   the  mucous    membnm©  st 
the  summit  of  the  air*pas@f^os,  under  most  circumBtanoeej 
protects  them  from  the  entranc3e  of  foreign    matter,  both 
liquid  aud  solid ;  for  the  slightest  impression  received  by  tlie 
membrane  gives  rise  to  a  violent  and  ijivoluntary  cough,  liT 
which  the  ofleudLug  matter  is  removed.     The  glottis  is  alfio  J 
spasmodically  closed. 

In  sigliing^  a  prolonged  aud  deep  inspiration  is  follow 
by  a  rapid  and  generally  audible  expiration,    Tliis  occurs,  aa 
a  general  rule,  once  in  every  live  to  eight  respiratory  ac^ 
for  the  purpose  of  changing  the  air  in  tlie  luBge  more  com-  ] 
pletely,  and  m  due  to  an  exaggeration  of  the  cauge  wbidil 
gives  rise  to  the   ordinary  acts  of  respiration.     When  tint 
to  depressing  emotions,  it  has  the  same  cause ;  for  at  euch 
timee^  I'e&piration    is  less  efleetually  peribrmed,     TawniDg 
is  au   analogous  process,  but  diflens  from   sighing  iu  tbiJ 
fact  that  it  is  involuntary,  and  cannot  be  protiuced  hjiio 
eifort  of  the  will*     It  is  characterized  by  a  wide  opening  cf 
the  mouth,  aud  a  very  profound  inspiration.     Yawning  is  j 
generally  assumed  to  be  an  evidence  of  fatigue,  but  it  otto 
occurs  from  a  sort  of  contagion,    When  not  the  r^ult  *if 
imitation,  it  has  the  same  exciting  eau^  as  sighing,  vij£,,  <ieft  i 
cient  oxygenation  of  the  blood,  and  is  followed  by  a  sense  of  ^ 
satisfaction,  which  shows  that  it  meets  some  decided  want  on 
the  part  of  the  system. 

Laughing  and  sobbing,  though  expressing  opposite  confr 
tioiis,  are  produced  by  very  much  the  same  meehanisnii 
The  charaf^teristic  sounds  accontpanying  these  acta  are  the 
result  of  short,  rapid,  and  convulsive  movements  of  the  dia- 
phragm, accompanied  by  contractions  of  the  muscles  of  tbc 
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&oe,  "which  produce  the  expressions  characteristic  of  hilarity 
or  grief.  Though  to  a  certain  extent  under  the  control  of 
the  will,  they  are  mostly  involuntary.  Violent  and  convul- 
sive laughter  may  be  excited  in  many  individuals  by  titilla- 
tion  of  certain  portions  of  the  surface  of  the  body.  Laugh- 
ter and  sometimes  sobbing,  like  yawning,  may  be  the  result 
of  involuntary  imitation. 

Hiccough  is  a  peculiar  modification  of  the  act  of  inspira- 
tion, to  which  it  is  exclusively  confined.  It  is  produced  by 
a  andden,  convulsive,  and  entirely  involuntary  contraction  of 
the  diaphragm,  accompanied  by  a  spasmodic  constriction  of 
tlie  glottis.  The  contraction  of  the  diaphragm  is  more  exten- 
sive than  in  laughing  and  sobbing,  and  occurs  only  once  in 
four  or  five  respiratory  acts.  The  causes  which  give  rise  to 
hiccough  are  numerous,  and  many  of  them  are  referable  to 
the  digestive  system.  Among  these  may  be  mentioned  the 
rapid  ingestion  of  a  quantity  of  dry  food,  or  of  eflfervescing  or 
alcoholic  drinks.     It  occurs  frequently  in  cases  of  disease. 

Cfapacity  of  iJie  Lungs^  and  the  Quantity  of  Air  changed  m 
the  ReBpiratory  Acta. 

Several  points  of  considerable  physiological  interest  arise 
in  this  connection.  It  is  evident  from  the  simple  experiment 
of  opening  the  chest,  when  the  elastic  lungs  collapse  and  ex- 
pel a  certain  quantity  of  air  which  cannot  be  removed  while 
the  lungs  are  in  situ^  that  a  part  of  the  gaseous  contents  of 
these  organs  necessarily  remains  after  the  most  complete  and 
forcible  expiration.  Atler  an  ordinary  expiration,  there  is  a 
certain  quantity  of  air  in  the  lungs  which  can  be  expelled  by 
ii  forced  expiration.  In  ordinary  respiration,  a  comparatively 
amall  volume  of  air  is  introduced  with  inspiration,  which  is 
expelled  by  the  succeeding  expiration.*   By  the  extreme  action 

'  Experiments  haTe  shown  that  a  certain  yolumc  of  air  is  lost  in  the  lungs, 
tbe  expired  air  being  a  little  less  in  volume  than  the  quantity  inspired  (from  ^ 
to  ^)l    Thitf  is  not  taken  into  account  in  this  connection. 
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of  all  the  inspiratory  muscles  in  a  forced  inspiration,  a  S"i3p- 
plemental  quantity  of  air  may  be  introduced  into  the  luixga^ 
which  then  contain  much  more  than  they  ever  do  in  o:iT<ii- 
nary  respiration.  For  convenience,  many  physiologists  hsive 
adopted  the  following  names,  which  are  applied  to  tln^^BC 
various  volumes  of  air : 

1.  Residual  Air ;  that  which  is  not^  and  cannot  be,  ex- 
pelled by  a  forced  expiration. 

2.  Reserve  Air ;  that  which  remains  after  an  ordim^try 
expiration,  deducting  the  residual  air. 

3.  Tidal^  or  ordinary  Breathing  Air ;  tliat  whicha-  is 
changed  by  the  ordinary  acts  of  inspiration  and  expiratioxzi. 

4.  Complemental  Air ;  the  excess  over  the  ordia.^ 
breathing  air,  which  may  be  introduced  by  a  forcible  inspi- 
ration. 

The  questions  relating  to  the  above  divisions  of  th&  w- 
spired  air  have  been  made  the  subject  of  numerous  invest?^ 

tiuns ;  but  though  at  first  it  might  seem  easy  to  determint?    all 
of  them  by  a  sutiicicnt  number  of  experiments,  the  neces&^rj 
observations  are  attended  witli  considerable  difficulty,  and    ^^ 
sources  of  error  are  numerous.     In  measuring  the  air  chan  ^^ 
in  ordinary  breathing,  it  has  been  found  that  the  act^  of   '^"^ 
piration  are  so  easily  iudueneed  by  the  mind,  and  it  i^     ^ 
difficult  to  experiment  on  any  individual  without  his  kncp-  '^^' 
edge,  that  the  results  of  many  good  observers  are  not  tc^'    "^ 
relied  upon.     This  is  one  of  the  most  important  of  the  qi^    ^^' 
tious  under  cousideration.     The  difficulties   in  the  way         ^ 
estimating  with  accuracy  the  residual,  reserve,  or  com^^ 
mental  volumes,  will  readily  suggest  themselves.     The 
servations  on  these  points,  which  may  be  taken  as  the  ni 
definite  and  exact,  are  those  of  Ilerbst  of  Gottingen, 
llutehinson  of  England.'     Those  of  the  last-named  obse 


to* 

^  A  suramarv  of  the  observations  of  Herbst,  mace  in  1828,  is  to  be  found  in      -^^      . 
ArcJiivcs  Oentralta  dc  Medednc^  tome  xxi.,  p.  412.     The  observations  of  Uuir  '^ 


BESEBYE  AIB.  399 

are  exceedingly  elaborate,  and  were  made  on  an  immense 
number  of  subjects  of  both  sexes,  and  of  all  ages  and  occupar 
tions.  They  are  generally  accepted  by  physiologists  as  the 
mo6t  extended  and  accurate. 

Residual  Air, — ^Perhaps  there  is  not  one  of  the  questions 
under  consideration  more  difficult  to  answer  definitely  than 
that  of  the  quantity  of  air  which  remains  in  the  lungs  after  a 
forced  expiration  ;  but  fortunately  it  is  not  one  of  any  great 
practical  importance.  The  residual  air  remains  in  the  lungs 
as  a  physical  necessity.  The  lungs  are  always,  in  health,  in 
contact  with  the  walls  of  the  thorax ;  and  when  this  cavity 
is  reduced  to  its  smallest  dimensions,  it  is  impossible  that 
any  more  air  should  be  expelled.  The  volume  which  thus 
remains  has  been  variously  estimated  at  from  40  cubic  inches 
(Fontana)  to  220  cubic  inches  (Jurin).  Dr.  Ilutchinson,  who 
has  carefully  considered  this  point,  estimates  the  residual 
volume  at  about  100  cubic  inches,  but  states  that  it  varies 
very  considerably  in  different  individuals.  Taking  every 
thing  into  consideration,  we  may  assume  this  estimate  to  be 
as  nearly  correct  as  any.  It  is  certain  that  the  lungs  of  a 
man  of  ordinary  size,  at  their  minimum  of  distention,  contain 
more  than  40  cubic  inches  of  air ;  and  from  measurements 
of  the  capacity  of  the  thorax,  deducting  the  estimated  space 
occupied  by  the  heart  and  vessels  and  the  parenchyma  of 
the  lungs,  it  is  shown  that  the  residual  air  cannot  amount  to 
any  thing  like  200  cubic  inches.* 

There  is  no  special  division  of  the  function  of  res- 
piration connected  with  the  residual  air.  It  remains  in 
the  lungs  merely  as  a  physical  necessity,  and  its  volume 
mnst  not  be  taken  into  account  in  considering  the  volumes 

Inson  are  contained  in  extenao  in  the  Cydopcedia  of  Anatomy  and  Physiology y  vol. 
Xv^  part  1,  article  Thorax, 

'  Hatchinson  found  the  mean  absolute  capacity  of  the  thorax  to  be  312  cubic 
inches.  He  allows  100  cubic  inches  for  the  heart  and  blood-vessels,  and  100  for 
the  parenchyma  of  the  lungs,  leaving  about  100  for  the  residual  volume.  Op.  cit.^ 
^  1067. 
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which  are  changed  in  any  of  the  oj>erations  connected  with 
breatbins. 


Meserve  J.?>,— Thia  name  is  appropriately  given  to  the 
volume  of  air  which  may  be  expelled  and  changed  by  a  vol- 
untsry  effort^  but  whicli  remains  in  the  InngSj  added  to  the 
reeidiial  air,  after  an  ordinary  act  of  expiration.  It  may  be 
estimated,  without  any  reference  to  the  residual  air,  by  for- 
cibly expelling  air  from  the  lungs,  after  an  ordinary  expiin- 
tion.     The  avemge  volume  is  100  cubic  inches/ 

The  reserve  air  u  changed  whenever  we  experience  i 
necessity  for  a  more  complete  renovation  of  the  contents  of 
the  lungs  than  ordinary.  It  is  .encroached  npon  in  the  nini- 
sually  profound  inspiration  and  expiration  which  occur  every 
five  or  six  act».  It  is  used  in  certain  prolonged  vocal  eifort^j 
in  blowing,  etc. 

Added  to  the  residual  air,  it  constitutes  the  luinimum 
capacity  of  the  lungs  in  ordinary  respiration.  As  it  i&  ooa- 
tinually  receiving  watery  vapor  and  carbonic  acid,  it  is  always^ 
more  or  leas  vitiated ;  and  when  reeii forced  by  the  breatliing 
air,  which  enters  mth  inspiration,  is  continually  in  circulation, 
in  obedience  tjo  the  law  of  the  diffusion  of  gases.  Those  who 
are  in  the  habit  of  arresting  respiration  for  a  time,  as  the 
poarl-diverj  leani  to  change  the  reserve  air  as  completely  »s 
possible  by  several  forcible  acts,  and  then  fill  the  lunge  with 
fresh  air^  In  this  way  they  are  enabled  to  suspend  the  re- 
spiratory acts  for  from  oue  to  two  minutes  witlmut  inconven- 
ience. The  introduction  of  the  fresh  air  with  each  inspira- 
tion, and  the  constant  diffusion  which  is  going  on,  and  by 
which  the  proper  (|uantity  of  c>xygen  finds  its  way  to  the  aiiv 
cells,  gives,  in  ordinary  breathing,  a  composition  to  the  air 
in  the  deepest  portions  of  the  lungs  which  insures  a  constant 
afiration  of  the  blood*  The  sbght  difference  in  the  rapidity 
of  oxidation  between  inspiration  and  expiration  is  only  suffi- 
cient to  give  rise  to  the  involuntary  reflex  acts  of  respiratioa, 
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and  is  not  snfficientlj  marked  to  produce  any  sensation,  BUch 
as  is  experienced  when  respiration  is  in  the  slightest  degree 
intemipted. 

Tidal^  or  Ordinary  Brea^iim^  Air. — The  Yolutne  of 
air  which  is  changed  in  the  ordinary  acts  of  respiration  is 
subject  to  immense  physiological  variations,  and  the  re^pirar 
tory  moveraentBj  as  regards  intenBtty,  are  so  easily  influenced 
K  by  the  mind,  that  great  care  is  necessary  to  avoid  error  in 
■  estimating  the  vohime  of  orrlinarj  breathing  ain  The  esti- 
nmtes  of  Herbst  and  of  Hutchinson  are  the  results  of  very 
extended  observations  made  with  great  care,  and  ore  gener- 
ally acknowledged  to  be  as  nearly  accurate  as  possible.  As 
a  mean  of  these  observations,  it  has  been  found  that  the 
av^BX^e  volnrae  of  breathing  air,  in  a  man  of  ordinary  stat- 
ure, 13  20  cubic  inches.  According  to  Ilutchinson,  in  f^erfect 
repose,  when  the  respiratory  movements  are  hardly  pen^ep* 
tible,  not  more  than  from  7  to  12  cubic  inches  are  changed  ; 
while,  under  excitement,  he  has  seen  the  volume  increased  to 
77  cubic  inches.  Of  course  the  latter  is  tempoi'ary*^  Herbst 
noted  that  the  breathing  volume  is  constantly  increased  in 
prt>portion  to  the  stature  of  the  individual^  and  bears  no  defi- 
nite relation  to  the  apparent  capacity  of  the  chest* 

ComjfdemeT}t€d  Air. — The  thorax  may  be  so  enlarged  by 
an  exti^me  volmitary  inspiratory  effort,  m  to  contain  a  quan- 
tity of  air  much  larger  than  after  an  ordinary  inspiration* 
The  additiemal  volume  of  air  thus  taken  in  may  be  efitimated 
by  measuring  all  the  air  which  can  be  expelled  from  the 
1  tings  after  the  moti^t  profound  iJispiration,  and  deducting  the 
Bom  of  the  resierve  air  and  breathing  air.  This  quantity  has 
l^een  found  by  Ilutchinsou  to  vary  in  different  individuals, 
beating  a  close  relation  to  stature*  The  mean  complemental 
irolume  is  110  cubic  inches. 

The  complemental  air  is  drawn  upon  whenever  an  effort 

'  W«  litre  ii0t  thought  it  worth  while  to  eamoerate  the  i-orled  efltimates  fotmd 
ta  worlia  cm  phTsiologjf  which  are  nol  haeed  on  {^tended  ^ipemneQUl  uiiqiiiry 
"  2a  " 
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is  made  which  requires  a  temporary  arrest  of  respiration. 
Brief  and  violent  muscular  exertion  is  generally  preceded  by 
a  profound  inspiration.  In  sleep,  as  the  volume  of  breathing 
air  is  somewhat  increased,  the  complemental  air  is  encroached 
upon,  A  part  or  the  whole  of  the  complemental  air  is  also 
used  in  certain  vocal  eflfbrts,  in  blowing,  in  yawning,  in  the 
deep  inspiration  which  precedes  sneezing,  in  straining,  etc. 

Summary. — In  a  healthy  male  of  medium  stature,  the 
residual  air^  which  cannot  be  expelled  from  the  lungs, 
amounts  to  about  100  cubic  inches. 

The  reserve  air^  which  can  be  expelled,  but  which  is  not 
changed  in  ordinary  respiration,  amounts  to  about  100  cubic 
inches. 

The  tidal  air^  which  is  changed  in  ordinary  respiration, 
amounts  to  about  20  cubic  inches. 

The  complementcil  air^  which  may  be  taken  into  the 
lungs  after  the  completion  of  an  ordinary  act  of  inspiration, 
amounts  to  about  110  cubic  inches.* 

*  In  Robin's  Journal  de  VAnntomie  et  de  la  Physidogie^  Sept  1864,  p.  628 
et  seq.y  we  find  an  article  by  Dr.  Nestor  Gr6hant,  on  tlie  physical  phenomena 
of  rospinition  in  man,  which  contains  some  novel  and  interesting  observations  on 
the  capacity  of  the  lungs,  volume  of  breathing  air,  etc.  The  volumes  of  air  are 
estimated  by  a  process  which  is  exceedingly  ingenious,  and  apparently  accurate ; 
but  the  number  of  observations  is  very  small  compared  with  those  of  Hutchinson, 
and  in  estimating  the  capacity  of  the  lungs,  he  does  not  take  into  consideration 
the  very  decided  influence  of  stature.  The  method  employed  is  essentially  the 
following : 

It  having  been  demonstrated  by  Regnault  and  Reiset  that  hydrogen  intro- 
duced into  the  lungs  is  not  absorbed  by  the  blood,  the  author,  taking  advantage 
of  the  well-known  property  of  gases,  by  which  they  form  a  uniform  mixture  whoi 
brought  in  contact  with  each  other,  caused  the  subjects  of  his  experiments  to  re- 
spire a  measured  volume  of  hydrogen  often  enough  to  make  the  mixture  uniform, 
and  estimates,  by  analysis  of  the  expired  air,  the  quantity  which  remains  in  the 
lungs,  which  is  necessarily  represented  by  the  volume  of  hydrogen  lost.  He  as- 
cert;iined  by  experiments  that  five  respirations  of  the  gas  caused  a  perfect 
mixture. 

By  this  method  he  estimates  the  normal  capacity  of  the  lungs  after  an  ordi- 
nary expiration  (the  sum  of  the  residual  and  reserve  air),  at  from  133*65  to  191*51 
cubic  inches,  in  men  between  17  and  30  years  of  age  (p.  554). 
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Extreme  Breathing  Capacity. — By  the  extreme  breathing 
capacity  is  meant  the  volume  of  air  which  can  be  expelled 
£:om  the  lungs  by  the  most  forcible  expiration,  after  the  most 
profound  inspiration.  This  has  been  called  by  Dr.  Hutchin- 
son the  vUal  capacity ^  as  signifying  "the  volume  of  air 
Turhich  can  be  displaced  by  living  movements."  Its  volume 
IS  equal  to  the  sum  of  the  reserve  air,  the  breathing  air,  and 
the  complemental  air,  and  represents  the  extreme  capacity 
of  tiie  chest,  deducting  the  tesidual  air.  Its  physiological 
interest  is  due  to  the  fact  that  it  can  readily  be  determined 
by  an  appropriate  apparatus,  the  spirometer,*  and  compari- 
sons can  thus  be  made  between  different  individuals,  both 
healthy  and  diseased.  The  number  of  observations  on  this 
point  made  by  Dr.  Ilutchinson  is  enormous,  amounting  in 
all  to  little  short  oi  Jive  thousand. 

The  extreme  breathing  capacity  in  health  is  subject  to 
variations  which  have  been  shown  to  bear  a  very  close  rela- 
tion to  the  stature  of  the  individual.  Hutchinson  com- 
mences with  the  proposition  that  in  a  man  of  medium  height 
(6  feet  8  inches\  it  is  equal  to  two  hundred  and  thirty  cubic 
iaichea.  He  has  shown  that  the  extreme  breathing  capacity 
is  constant  in  the  same  individual,  and  that  it  is  not  to  be 
increased  by  habit  or  practice. 

The  most  striking  result  of  the  experiments  of  Dr. 
fiutchinson,  with  regard  to  the  modifications  of  the  vital  ca- 

The  tidal  or  breathing  air,  he  estimates  at  80  cubic  inches. 

The  obseirations  of  Dr.  Gr^hant  are  as  yet  so  few  in  number  that  we  prefer 
to  adhere  to  the  results  of  the  greatly  extended  observations  of  Hutchinson; 
though  the  new  method  is  very  ingenious,  and  further  experiments  will  probably 
leod  to  important  results. 

*  The  spirometer  consists  of  a  vessel  containing  water,  out  of  which  a  recdver 
la  r^sed  by  breathing  into  it  through  a  tube ;  the  hdght  to  which  the  receiver  is 
raised  indicating  the  volume  of  the  vital  capacity  ( Cyclop,  of  Anat.  and  Fhi/s.^ 
ToL  It.,  part  2,  p.  1068).  In  all  the  observations  of  Dr.  Hutchinson,  he  has  taken 
tsare  to  see  that  the  level  of  the  water  was  the  same  in  the  receiver  and  the  reser- 
"toir,  and  to  carefully  correct  the  volumes  of  air  for  temperature.  All  observa- 
Xkma  were  made  with  the  subject  erect,  and  every  thing  carefully  avoided  which 
could  interfere  with  the  free  action  of  the  respiratory  muscles. 
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pacitj,  IS  that  it  bears  a  definite  relation  to  statufe,  without 
being  affected  in  a  very  marked  degree  by  weight,  or  the 
circuraferenee  of  the  chest.  This  is  especially  remarkable,  as 
it  is  well  known  that  height  does  not  depend  so  much  upon 
the  length  of  the  body,  as  the  length  of  the  lower  extremities. 

It  has  been  ascertained  that  for  every  inch  in  height^  be- 
tween f/ve  and  six  feetj  the  extreme  breathing  capacity  is  in- 
creased eight  cvhic  inches. 

The  following  table  shows  the  me^n  results  of  the  im- 
mense number  of  observations  on  which  this  conclusion  is 
based:* 


Progression  of  the  Vital  Capadiy  Yolwnie  with  tiis  Stature,  


Height. 


5foet 

0 

5 

i> 

2 

5 

" 

2 

5 

(i 

4 

5 

u 

4 

5 

(( 

6 

5 

(i 

6 

5 

1( 

8 

5 

'' 

8 

5 

'' 

10 

5 

*' 

10 

0 

ii 

(1 

0  inches  ^  -  r    *    t  •     u 
o      u       I  5  *cct    1  men. 

5    "      8      " 

5     "      5     " 

5    "      9     " 
J- 6    ''     11      " 
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SdrMoli. 

176-0 
191-0 
207-0 
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241-0 
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2170. 


174-0 
190-0 
200-0 
222-0 
238-0 
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Age  has  an  influence,  though  less  marked  than  stature^ '^ 
upon  the  extreme  l)rcatliing  capacity.    As  the  result  of  4,8O0C^ 

*  Op.  cit.y  p.  1072.     The  increa.se  in  breathing  capacity, />art  p<xsm  with  au^^ 
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increase  in  height,  was  mentioned  by  Herbst  (!of.  cit.\  but  Hutchinson  was  the^^  ^^ a 
first  to  make  any  extended  observations,  and  give  any  definite  information  on-^-^ 
this  point. 
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obflervationB  (males),  it  was  ascertained  that  the  volume  in- 
creases with  age  up  to  the  thirtieth  year,  and  progressively 
decreases,  with  tolerable  regularity,  from  the  thirtieth  to  the 
sixtieth  year. 

These  figures,  though  necessarily  subject  to  certain  indi- 
vidual variations,  may  be  taken  as  the  basis  for  examinations 
of  the  extreme  breathing  capacity  in  disease,  which  frequently 
give  important  information.  Of  course,  the  breathing  capa- 
city is  modified  by  any  abnormal  condition  which  interferes 
with  the  mobility  of  the  thorax,  or  the  dilatability  of  the 
lungs.  Of  all  diseased  conditions,  phthisis  pulmonalis  is  the 
mo6t  interesting  in  this  connection.  With  regard  to  the 
significance  of  the  variations  in  this  disease.  Dr.  Hutchinson 
has  arrived  at  the  following  conclusions : 

"It  has  been  found  that  ten  cubic  inches  below  the  due 
quantity,  i.  e.^  220  instead  of  230  inches,  need  not  excite 
alarm ;  but  there  is  a  point  of  deficiency  in  the  breathing 
volume  at  which  it  is  diflScult  to  say  whether  it  is  merely 
one  of  those  physiological  differences  dependent  on  a  certain 
irregularity  in  all  such  observations,  or  deficiency  indicative 
of  disease.  A  deficiency  of  16  per  cent,  is  suspicious.  A 
man  below  55  years  of  age  breathing  193  cubic  inches  instead 
of  230  cubic  inches,  unless  he  is  excessively  fat,  is  probably 
the  subject  of  disease. 

"  In  phthisis  pulmonalis  the  deficiency  may  amount  to 
90  per  cent.,  and  yet  life  be  maintained.  The  vital  capacity 
volume  is  likewise  a  measure  of  improvement.  A  phthisical 
patient  may  improve  so  as  to  gain  40  upon  220  cubic  inchfes." 

Herbst  has  shown  *  that  the  extreme  breathing  capacity 
is  diminished  by  obesity ;  that  it  is  proportionally  less  in 
females  than  in  males,  and  in  children  than  in  adults. 

JSdatums  in  Volume  of  the  Expired  to  the  Inspired  Air. 
— ^A  certain  proportion  of  the  inspired  air  is  lost  in  respira- 
tion, so  that  the  air  expired  is  always  a  little  less  in  volume 

>  Loc,  cit. 
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than  that  which  is  taken  into  the  lung8.  All  the  older  ex- 
perimenters, except  Magendie,  were  agreed  upon  this  point 
The  loss  was  put  by  Davy  at  -^^  and  by  Cuvier  at  -^  of  the 
amount  of  air  introduced.'  Observations  on  this  point,  to  he 
exact,  must  include  a  considerable  number  of  respiratory 
acts ;  and  from  the  diflSculty  of  continuing  respiration  in  a 
perfectly  regular  and  normal  manner,  when  the  attention  is  di- 
rected to  that  function,  the  most  accurate  results  may  prob- 
ably be  obtained  from  experiments  on  animals.  Despretz ' 
caused  six  young  rabbits  to  respire  for  two  hours  in  a  con- 
fined space  containing  299  cubic  inches  of  air,  and  ascertained 
that  the  volume  had  diminished  61  cubic  inches,  or  a  little 
more  than  one-fiftieth.  We  may  take  the  approximations  of 
Davy  and  Cuvier,  as  applied  to  the  human  subject,  as  nearly 
correct,  and  assume  that  in  the  lungs,  from  tjJj.  to  -jij-  of  the 
inspired  air  is  lost. 

Diffusion  of  Air  in  the  Lunga. — ^When  it  is  considered 
that  with  each  inspiration  but  about  twenty  cubic  inches  of 
fi^sh  air  is  introduced,  sufficient  only  to  fill  the  trachea  and 
larger  bronchial  tubes,  it  is  evident  that  some  forces  must  act 
by  which  this  fresh  air  finds  its  way  into  the  air-cells,  and  the 
vitiated  air  is  brought  into  the  larger  tubes,  to  be  expelled 
with  the  succeeding  expiration.  The  expired  air  may  be- 
come so  charged  with  noxious  gases,  by  holding  the  breath 
for  a  few  seconds,  that  when  collected  in  a  receiver  under 
water,  it  is  incapable  of  supporting  combustion. 

The  interchange  between  the  fresh  air  in  the  upper  portions 
of  the  respiratory  apparatus  and  the  air  in  the  deeper  parts 
of  the  lungs  is  constantly  going  on,  in  obedience  to  the  well- 
known  law  of  the  diftiision  of  gases,  aided  by  the  active  cur- 
rents or  impulses  produced  by  the  alternate  movements  of 
the  chest.  When  two  gases,  Tor  mixtures  of  gases,  of  different 
densities  are  brought  in  contact  with  each  other,  they  difluso 

*  Berard,  Cours  de  Physiologie^  Paris,  1851,  tome  iiL,  p.  338. 
'  Idem. 
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or  mingle  with  great  rapidity,  until,  if  nndistnrbed,  the  whole 
mass  has  a  nniform  density  and  composition.  This  has  been 
shown  to  take  place  between  very  light  and  very  heavy  gases 
in  opposition  to  the  laws  of  gravity,  and  even  when  two  res- 
ervoirs are  connected  by  a  small  tube  many  feet  in  length, 
though  then  it  proceeds  quite  slowly.  In  the  respiratory  ap- 
paratus, at  the  termination  of  inspiration,  the  atmospheric 
air,  composed  of  a  mixture  of  oxygen  and  nitrogen,  is  intro- 
duced into  the  tubes  with  a  considerable  impetus,  and  is 
brought  into  contact  with  the  gas  in  the  lungs,  which  is 
much  heavier,  as  it  contains  a  considerable  quantity  of  car- 
bonic acid.  Diffusion  then  takes  place,  aided  by  the  elastic 
lungs,  which  are  gradually  forcing  the  gaseous  contents  out 
of  the  ceUs,  until  a  certain  portion  of  the  air  loaded  with 
carbonic  acid  finds  its  way  to  the  larger  tubes,  to  be  thro^vn 
off  in  expiration,  its  place  being  supplied  by  the  fresh  air. 

In  obedience  to  the  law  established  by  Graham,  that  the 
diffusibility  of  gases  is  inversely  proportionate  to  the  square 
root  of  their  densities,  the  penetration  of  atmospheric  air, 
which  is  the  lighter  gas,  to  the  deep  portions  of  the  lungs 
would  take  place  with  greater  rapidity  than  the  ascent  of  the 
air  charged  with  carbonic  acid  ;  so  that  81  parts  of  carbonic 
acid  should  be  replaced  by  95  of  oxygen.*  It  is  found,  in- 
deed, that  the  volume  of  carbonic  acid  exhaled  is  always  less 
than  the  volume  of  oxygen  absorbed. 

This  diffusion  is  constantly  going  on,  so  that  the  air  in 
the  pulmonary  vesicles,  where  the  interchange  of  gases  with 
the  blood  takes  place,  maintains  a  pretty  uniform  composi- 
tion. The  process  of  aeration  of  the  blood,  therefore,  has 
none  of  that  intermittent  character  which  attends  the  me- 
chanieal  processes  of  respiration,  which  would  undoubtedly 
occur  if  the  entire  gaseous  contents  of  the  lungs  were  changed 
with  every  act. 

There  is  no  evidence  sufficiently  definite  to  show  that  the 
muscular  fibres  in  the  bronchial  tubes,  which  are  of  the  un- 

•  Cydopcedia  of  Anatomy  and  Phytiology^  vol  iv.,  part  1,  p.  862. 
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striped  variety,  and  slow  and  gradual  in  their  contraction, 
have  any  thing  to  do  with  the  diflFusion  of  gases  in  the  lungs; 
nor  is  it  probable  that  any  marked  influence  is  exerted  by 
the  movements  of  the  ciliie  which  cover  the  mucous  mem- 
brane. 


CHAPTER  XII. 

OHANOES  WHICH  THB  AIB  UNDEBGOES  IN  RESPIRATION. 

Genenl  oonsiderations — DiBooyery  of  carbonic  acid — ^Discovery  of  oxygen — Com- 
position of  the  air — Consumption  of  oxygen — ^Influence  of  temperature — ^In- 
fluence of  sleep— Influence  of  an  increased  proportion  of  oxygen  in  the  atmos- 
phere— ^Temperature  of  the  expired  air — ^Exhalation  of  carbonic  acid — Influence 
of  age — ^Influence  of  sex — ^Influence  of  digestion — ^Influence  of  diet — Influence 
of  Bleep— Influence  of  muscular  activity — Influence  of  moisture  and  tem- 
perature—Influence of  seasons — ^Relations  between  the  quantity  of  oxygen 
oonsmned  and  the  quantity  of  carbonic  acid  exhaled — ^Exhalation  of  watery 
Taper — Exhalation  of  ammonia — ^Exhalation  of  organic  matter — Exhalation 
of  nitrogen. 

From  the  allusions  which  have  already  been  made  to  the 
general  process  of  respiration,  it  is  apparent,  that  before  the 
discovery  of  the  nature  of  the  gases  which  compose  the  air 
and  those  which  are  exhaled  from  the  lungs,  it  was  impossible 
for  physiologists  to  have  any  correct  ideas  of  the  nature  of 
this  important  fanction.  It  is  not  surprising  that  the  ancients, 
obfserving  the  regular  introduction  of  air  into  the  lungs,  and 
noting  the  fact  that  the  air  is  generally  much  cooler  than  the 
body,  supposed  the  great  object  of  respiration  to  be  the  cool- 
ing of  the  blood.  It  is  also  evident  that  no  definite  knowl- 
edge of  any  of  the  processes  of  respiration  could  exist  prior 
to  the  discovery  of  the  circulation  of  the  blood. 

Though  it  is  foreign  to  our  purpose  to  treat  historically 
of  the  theories  concerning  any  of  the  functions  of  the  body, 
the  fiwjts  relating  to  changes  in  the  respired  air,  which  from 
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time  to  time  have  been  developed,  bear  bo  close  a  relation  to 
discoveries  of  the  properties  of  certain  gases,  particularly 
carbonic  acid  and  oxygen,  that  it  seems  desirable  to  give  at 
least  a  rapid  sketch  of  these  discoveries,  and  follov^  the  ad- 
vances in  our  knowledge  of  the  processes  of  respiration,  with 
which  they  are  necessarily  connected.* 

In  the  latter  part  of  the  fifteenth  century,  Leonardo  da 
Vinci,  the  great  painter,  mathematician,  and  naturalist,  made 
a  discovery  which  conclusively  proved  the  fallacy  of  the  idea 
that  the  air  simply  cooled  the  blood  in  respiration.  He  dis- 
covered that  fire  consumed  the  air,  find  that  animals  conld 
not  live  in  a  medium  which  was  incapable  of  supporting 
combustion.  This  is  the  first  statement  in  the  history  of 
science  which  points  to  the  fact  that  the  function  of  the  air 
in  respiration  depends  on  its  composition,  and  not  on  its 
physical  properties. 

About  the  middle  of  the  seventeenth  century.  Van  Hel- 
mont  discovered  some  of  the  properties  of  what  is  now  known 
as  carbonic  acid  gas.  He  showed  that  a  gas,  the  result  of 
fermentation,  or  of  the  combustion  of  carbon,  and  formed  by 
the  action  of  vinegar  on  certain  carbonates,  was  incapable  of 
supporting  combustion  or  maintaining  animal  life.  He  rec- 
ognized this  as  the  gas  which  is  found  in  the  lower  part  of 
the  celebrated  Grotto  del  Cane^  near  Kaples,  into  which  a  man 
may  enter  with  impunity,  but  which  will  asphyxiate  a  small 
animal,  as  it  is  brought  under  the  influence  of  the  lower  strata. 

A  few  years  later  (1670),  Boyle,  the  founder  of  the  Koyal 
Society  of  London,  by  some  experiments  published  in  the 
Philosopliical  Transactions^  attempted  to  show  that  air  was 
necessary  to  the  life  of  all  animals,  even  those  which  live 
under  Avater.  In  a  remarkable  paper  entitled  Suspicions 
about  some  Hidden  Qualities  of  the  Air,  he  pointed  to  the 

*  The  reader  is  referred  to  the  elaborate  work  of  Milne-Edwards  {Lefong  tw 
la  Physiologic^  tome  i.,  p.  376  et  acq.)  for  a  complete  and  highly  interesting  history 
of  the  physiology  of  respiration,  from  which  we  have  taken  most  of  the  historical 
facts  to  which  reference  will  be  made. 
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probable  existence  of  some  unknown  vital  snbstance  in  the 
atmosphere.  A  few  years  later  it  was  demonstrated  by  Ber- 
noulli, that  the  existence  of  aqnatic  animals  depends  upon 
air  held  in  solution  in  the  water.  About  this  time  Robert 
Hooke  performed  his  celebrated  experiment  of  exposing  the 
langB  of  a  living  animal,  and  maintaining  the  vital  processes 
by  artificial  respiration.  He  demonstrated  that  asphyxia 
occurred  when  he  ceased  to  change  the  air  in  the  lungs, 
though  these  organs  were  allowed  to  remain  distended. 

Fracassati  also  showed  that  the  red  color  of  the  upper 
surface  of  a  clot  of  blood  was  due  to  its  exposure  to  the  air ; 
and  Lower,  examining  the  blood  before  and  after  its  passage 
through  the  lungs,  in  artificial  respiration,  showed  that  tlie 
red  color  of  arterial  blood  depends  on  the  renewal  of  the 
atmosphere. 

In  1674,  Mayow  published  his  work  on  Respiration,  in 
which  he  advanced  the  view  that  the  air  contained  a  princi- 
ple, capable  of  supporting  combustion,  which  is  absorbed  in 
respiration,  changes  venous  into  arterial  blood,  and  is  the 
cause  of  the  heat  which  is  developed  in  animal  bodies.*  The 
importance  of  this  discovery  was  not  appreciated  by  the  phys- 
iologists of  that  day ;  and  it  was  more  than  a  century  before 
it  received  its  appropriate  place  in  science. 

In  1757,  Joseph  Black,  of  Glasgow,  isolated  and  studied 
carbonic  acid,  which  he  called  ^a?^  air.  He  recognized  this 
gas  in  the  expired  air,  by  passing  the  breath  through  lime- 

'  We  find  the  following  passage  in  an  analysis  of  the  work  of  Matow  onHa- 
piraiion,  published  in  the  Philosophical  TranaactionSy  1668,  p.  883: 

**  The  author  »  »  »  delivers  his  thoughts  on  the  use  of  Respiration,  waving 
those  opinions,  that  would  have  respiration  either  to  cool  the  heart,  or  make  the 
Bkmd  pass  through  the  Lungs  out  of  the  right  ventricle  of  the  heart  to  the  left, 
or  to  reduce  the  thicker  venal  blood  into  thinner  and  finer  parts ;  and  affirming, 
Ibat  there  is  something  in  the  Air,  absolutely  necessary  to  lite,  which  is  conveyed 
into  the  Blond;  which,  whatever  it  be,  being  exhausted,  the  rest  of  the  air  is 
made  useless,  and  no  more  fit  for  Respiration.  Where  yet  he  doth  not  exclude 
tfiis  QBe,  That  with  the  expelled  Air,  the  vapors  also,  steaming  out  of  the  Bloud, 
are  thrown  out  together." 
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water.  It  is  evident  that  tins  was  the  gas  which  was  ob- 
eerved  so  many  yeare  befoi-e  by  Van  Helmonl 

la  1TT3,  Priestley  diecovered  that  tbe  air  is  composed  of 
oxygen  and  nitrogen,  though  he  did  not  make  use  of  these 
names;  and  a  f€LW  years  later,  sliowed  that  air  which  Las 
been  vitiated  by  the  respiration  of  auimaU  is  conBUmed  by 
vegetables,  which  return  the  elements  necessary  to  the  life  of 
animalB.  In  a  paper  publitihed  in  the  Phiimophiml  Transac- 
tions for  1776,  he  proved  that  the  change  in  the  color  of  the 
blood  In  the  lunge  \&  due  to  the  absorption  of  the  newly 
discovered  oxygen ;  and  i^howed,  furthermore,  that  the  inter- 
chaoga  of  gases  between  tbe  air  and  the  blood  can  take  place 
through  membranes,  as  readily  as  when  the  two  fluids  are 
brought  directly  in  contact  with  each  other/ 

The  discoveriefl  above  enunieratedj  thougli  all  bearing  on 
the  great  question,  were  simply  isolated  faet;;^  and  foiled  to 
develop  any  definite  idea  of  the  cbajiges  of  the  air  and  blood 
in  respiiv^tion-  Tbe  application  of  these  facts  was  made  by 
the  great  chemi&t  Lavoisier ;  who  was  the  first  to  employ  the 
delicate  balance  in  chemical  invest igatioUj  and  whose  obse^ 
vations  mark  tbe  begin aing  of  an  accurate  knowledge  of  the 
function  of  respiration.  With  the  balance,  Lavoisier  showed 
the  nature  of  tbo  oxides  of  the  metals ;  be  discovered  that 
carbonic  acid  is  formed  by  a  union  of  carbon  and  oxygen ; 
and,  noting  the  consumption  of  oxygen  and  the  production 
of  carbonic  acid  in  respiration,  advanced,  for  the  first  time^ 
tbe  view  that  the  one  was  employed  in  the  production  of  the 


^  nis.LEu>  attribute  the  disciovcry  of  oiygien  to  Eavcn  ['Op.  dJt.^  tmat  UL,  p. 
328).  It  il  true  tbnt  Bayen  in  1774  ovnlved  osygien  by  heating  thi;  ro*!  oiid«;  of 
me«jni7|  but  he  Biinply  saw  n  gas  glTcti  off,  tbe  imture  nnd  profTcrtiis  of  wbich  be 
did  not  desetibe  Frieatlcy  first  publish cd  his  discoveij  of  o^ygeti,  in^  a  <fe»T^ 
tion  of  certain.  ofiU  hnportant propfrriiev^  in  the  same  year  j  and  bcoattae  ll^  llrai 
described  properiii^  which  disiiDguish  this  Tram  ev^ery  other  pLs^  to  Frkitleyii 
gencru.Uyf  and  juatly,  ascribed  tbe  honor  of  itd  diacovery.  Scbeele,  in  Swe4«, 
obtiuned  &nd  described  oxyic^en  (*'  the  air  ol'  fire  ^^)  shortly  afkr  it  hjid  been  oli- 
lained  by  Priestley,  witl^out  the  knowledge  that  hia  discovery  bad  been  antidpaled* 
Uis  worlc  was  published  in  1777. 
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other.  Though,  as  should  naturally  be  expected,  the  doc- 
trines of  this  great  observer  have  been  modified  with  the 
advances  in  science,  he  developed  facts  which  will  stand  for- 
ever, and  which  have  served  as  the  starting  point  of  all 
our  knowledge  on  this  subject.  From  that  time  physiol- 
ogists b^an  to  look  on  respiration  as  consisting  in  tlie  appro- 
priation of  oxygen  and  the  exhalation  of  carbonic  acid; 
and  now  the  seat  of  this  process  is  only  changed  from  the 
lungs  to  the  tissues.  From  the  limited  knowledge  of  the 
intimate  phenomena  of  nutrition  which  obtained  in  his  day, 
LaToisier  could  not  be  expected  to  entertain  any  other  view 
than  that  the  carbonic  acid  produced  was  the  result  of  the 
direct  union  of  oxygen  with  carbon  in  the  blood.  It  is  only 
nnce  investigations  have  made  manifest  the  great  complexity 
of  the  processes  of  nutrition,  that  some  are  unwilling  to  be- 
fieve  that  carbonic  acid  is  produced  in  as  simple  a  way  as 
it  appeared  to  Lavoisier.* 

.  Composition  of  the  Air. — ^Pure  atmospheric  air  is  a 
mechanical  mixture  of  79*19  parts  of  nitrogen  with  20*81 
parts  of  oxygen  (Dumas  and  Boussingault).'  It  contains  in 
addition  a  very  small  quantity  of  carbonic  acid,  about  one 
part  in  2,000  by  volume,  and  traces  of  ammonia.  The  air 
is  never  free  from  moisture,  which  is  very  variable  in  quan- 
tity, being  generally  more  abundant  at  a  high  than  at  a  low 
temperature.  In  1840,  Schonbein  discovered  in  the  air  a  pecu- 
liar odorous  principle  called  ozone,  which  he  conceived  to  be  a 
compound  of  oxygen  and  hydrogen  (HO,),  but  whicli  is  now 
pretty  well  shown  to  be  an  allotropic  form  of  oxygen.     The 

'  The  appUcatioDS  of  the  discoveries  of  Lavoisier  to  the  production  of  animal 
heat  will  he  taken  up  in  connection  with  that  phenomenon. 

'  Some  chemists  suppose  that  the  oxjgen  and  nitrogen  in  the  air  are  in  a  con- 
ation of  feeble  chemical  combmation.  However  that  may  be,  it  is  certain  that 
in  reBpiration  it  is  the  oxygen  which  is  absorbed  by  the  blood,  and  which  carries 
OQ  the  function.  The  nitrogen  seems  to  act  simply  as  a  diluent,  thus  providing 
thai  the  blood  in  the  lungs  shall  be  exposed  to  but  a  certain  quantity  of  the  ro 
qiiratory  principle. 
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oxygen  Tviiicb  is  obtained  by  decoraix^siug  water  by  tbe  Vol- 
taic pile  IB  in  thiB  condition.  It  exists  in  very  small  quantity 
in  tbe  air,  and  plays  no  part  in  tbe  fiinction  of  respiration, 
Ita  chief  interest  ha^  been  in  a  tbeoretical  connection  witli 
epidemic  diseases,*  Floating  in  tbe  atniDiipbere  are  a  num* 
ber  of  excessively  minute  organic  bodies,  Yarians  odo^ 
oua  and  other  gaseoua  matter  may  be  present  as  accidental 
constituents. 

In  considering  the  function  of  respiration^  it  is  not  neoes- 
sary  to  take  account  of  any  of  the  constituents  of  the  atmos- 
phei-e^  except  oxygen  aiid  nitrogen ;  the  others  being  either  ' 
inconstant,  or  existing  in  excessively  minute  quantity.  It 
is  necee^ry  to  the  legular  perfbmiance  of  the  function  that 
the  air  should  contain  about  tbnr  part^  of  nitrogen  to  one  of 
oxygen,  and  have  about  the  density  which  e^sts  on  tlie  gen- 
eral surface  of  the  globe.  Wlion  the  density  is  very  much 
increased;  as  in  niijies^  respiration  is  somewhat,  though  not 
gravely,  disturbed.  By  exposure  to  a  rarefied  attnospheii^  m  I 
in  the  ascent  of  high  mountains  or  in  aerial  voyages,  respira* 
tion  may  be  very  eerionsly  interfered  with,  from  the  fact  tlmt 
less  oxygen  than  usual  is  presented  to  the  respiratory  surface, 
and  the  reduced  atmospheric  pressure  diminishes  the  capa- 
city of  the  blood  for  holding  gases  in  solution* 

Magendie  and  Beniaixl,  in  experimenting  on  tbe  minimtim 
proportion  of  oxygen  in  the  air  whicli  is  capable  of  sustaining 
lite,  found  that  a  rabbit,  conliued  under  a  bell-glasa  with  an 
arrangement  for  removing  the  carbonic  acid  and  water  ex- 


'  OiEotie  may  be  formed  by  passing  electric  discharges  tlirmigh  the  on^niiTif 
moaphen^,  or  through  oxygen.  Ju  propDrtJon  m  iho  dr  i9  supposed  to  be 
increased  in  stomts  which  are  accompanied  by  electric  phenomena,  Sdionbeia 
exposed  animolfi  ta  the  aotiau  of  tbla  dubsi&nee.  A  dog,  con&ned  Ihr  &n  hoot  in 
a  belU^lftss,  into  wbich  ozoue  wa^  puBsod^  di<HLl,  tbough  it  wag  esttmAted  lliat  be 
ahiiorbod  ooly  about  'OS  of  a  grain.  An  exainination  ebowed  tbe  lungs  in  ft  (Ofi- 
ditioa  of  acute  infljunmition.  M,  de  la  KiTe,  wbo  hs^  aUo  experune&ted  upon 
it^  coiupurea  ltd  actioik  on  the  respiratory  organs  to  thai  of  chbiine  (Bics;Hi]t]^ 
Ltf^ia  gur  lc»  Sfeta  de*  IStiMan/ou  ^zigucv  ft  Medkanneaicuaet^  PortB^  i81lt,  F^ 
ISO). 
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Iialed,  as  fast  as  they  were  produced,  died  of  asphyxia  when 
tho  quantity  of  oxygen  became  reduced  to  from  3  to  5  per 
cent.* 

.  Following  Lavoisier,  the  Abbe  Spallanzani,'  by  researches 
on  a  great  number  of  animals  of  all  classes,  demonstrated  the 
universal  necessity  of  air,  either  in  a  gaseous  condition  or  in 
eolation  in  liquids,  throughout  the  animal  kingdom. 

A  few  experiments  are  on*  record  in  which  the  human 
Bubject  and  animals  have  been  made  to  respire  for  a  time 
pnre  oxygen.  Though  this  is  the  gas  which  is  essential  in 
ordinary  respiration,  the  process  being  carried  on  about  as 
well  in  a  mixture  of  oxygen  with  hydrogen  as  with  nitrogen, 
the  functions  do  not  seem  to  be  much  altered  when  the  pure 
^88  is  taken  into  the  lungs.  Some  authors  state  that  its  pro- 
longed inhalation  exaggerates  the  function  for  a  time,  and 
that  inflammation  of  the  lungs  and  death  follow  its  pro- 
longed use ;  while  the  experiments  of  others  show  that  it  is 
harmless.  Allen  and  Pepys  confined  animals  for  twenty- 
four  hours  in  an  atmosphere  of  pure  oxygen,  without  any 
notable  results ;  *  but,  as  is  justly  remarked  by  Longet,  these 
experiments  do  not  show  that  it  would  be  possible  to  respire 
unmixed  oxygen  indefinitely  without  inconvenience.  As  it 
exists  in  the  air,  oxygen  is  undoubtedly  in  the  best  form  for 
the  permanent  maintenance  of  the  respiratory  function. 
The  blood  seems  to  have  a  certain  capacity  for  the  absorp- 
tion of  oxygen,  which  is  not  increased  when  the  pure  gas  is 
presented. 

The  only  other  gas  which  has  the  power  of  maintaining 
respiration,  even  for  a  time,  is  nitrous  oxide.  This  is  ab- 
sorbed by  the  blood-corpuscles  with  great  avidity,  and  for  a 
time  produces  an  exaggeration  of  the  vital  processes,  with 
delirium,  etc. — ^properties  which  have  given  it  the  common 

*  Bbnabd,  op,  cii,,  p.  115. 

*  Sfallamzj^sIj  Memairea  aur  la  Respiration^  traduUs  en  Franfaia  cTapria  son 
inidU,  1808. 

*  LoSGiT,  Traits  de  Physiologie^  Paris,  1861,  tome  i.,  p.  468. 
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Bame  of  the  **  laughing  gtis" ;  hut  this  condition  is  followed 
by  ansEstheBia,  and  finally  ofipbyxi%  probably  becaiise  the 
gas  has  such  an  affinity  for  the  blood-corpuscles  as  to  t6- 
main  to  a  certain  extent  fixed,  interfering  with  the  mte^ 
change  of  gases  which  is  ^sential  to  life,  NotwithstandiDg 
this,  esperimentei^  have  confined  rabbits  and  other  aniniak 
in  an  atmosphere  of  nitrous  oxide  for  a  number  of  houB. 
In  all  caeea  they  became  asphyxiated,  but  m  BOtne  instanc€3 
i^ere  restored  on  being  bronght  again  into  the  atmosphere.' 

Other  gases  wliich  may  be  introduced  into   the  lungs] 
dtlfer  produce  asphj^fia,  negatively,  from  the  fact  that  they ' 
axe  not  absorbed  by  the  blood  and  are  incapable  of  carrjnng 
on  respirationj  like  hydrogen  or  nitrogen ^  or  positively,  by  ft 
poisonous  effect  on  the  systeiii.     The  most  important  of  the 
gases  which  act  as  poisons  are,  carbonic  oxide,  Bulphnratted^ 
hydrogen,  and  arsentnretted  hydrogen.     It  is  somewhat  un- 
certain whether  carbonic  acid  exerts  its  deleterious  influence  , 
as  a  poison,  or  as  merely  taking  the  place  of  the  oxygen  ia| 
the  blood-corpuscles.     It  is  easily  displaced  fix>m  the  blood 
by  oxygen^  and  therefore  does  not  seem  to  possess  the  prop- 
erties of  a  poison,  like  carbonic  oxide,  and  some  other  gaaei, 
which  become  fixed  in  the  blood,  and  are  not  readily  dis- 
placed when  fresh  air  is  introduced  into  the  lunga 


C&mitmptim  of  O^y^en, — The  determination  of  the 
quantity  of  oxygen  which  is  removed  from  the  air  by  the 
process  of  respiration  is  a  question  of  great  phjsiologic^il  iu- 
terestj  and  one  which  engaged  largely  the  attention  of  La- 
voisier  and  those  who  have  followed  in  his  line  of  observa- 
tion. On  this  point  there  is  an  accumulated  mass  of 
observations  which  are  companitively  unimportant,  from  the 
fact  that  they  were  made  before  the  means  of  analysis  of  the 
gases  were  as  [^erlect  as  they  now  are*  Though  many  of  the 
results  obtained  by  the  older  experimenters  are  interesting  ] 
and  instructive,  as  showing  the  comparative  qaantities  of  ] 


*  LosfOKT,  op.  tii.^  tome  !*,  p.  460. 


OONBUMPnOS  OF  OXTGEK. 


417 


I 

I 


I 


oxygen  consumed  under  various  pliysiologieal  conditioner  tLey 
are  not  to  be  compared  with  the  more  recent  ohaervations^ 
particularl J  tho&c  of  Eegnault  and  Reiset,  Valentin  and  Bruii- 
ner,  DimiaB^  Andral  and  Gavarret^  Stiharling,  and  Edward 
Smith,  with  regard  to  the  absolute  quautity  of  oxygen  made 
net©  of  in  respiration.  In  the  ohservationa  of  Itegnault  and 
Reiset,  the  animal  to  be  experimented  upon  was  enclosed  in 
a  receiver  filled  with  air^  a  mexisured  quantity  of  oxygen 
was  introduced  as  fast  as  it  was  consumed  Ly  respiration,  and 
the  carbonic  acid  was  constantly  removed  and  carefidly  esti- 
mated. In  most  of  the  experiments,  the  conlinement  did  not 
appear  to  interfere  with  the  ftuKtions  of  the  animal,  which 
»te  and  drank  in  the  apparatus,  and  was  in  as  good  condition 
at  the  termination  as  at  tbe  beginning  of  the  oljservatiun. 
This  method  is  infinitely  more  accurate  than  that  of  simply 
causing  an  animal  to  breathe  in  a  confined  space,  when  the 
eonsurnjition  of  oxygen  and  aecnniulatiou  of  carbonic  acid 
and  other  mattena  must  interfere  more  or  less  with  tbe  proper 
performanee  of  tbe  respiratory  function,  Tbis  is  known  as 
tiie  direct  method  of  investigating  tbe  changes  in  the  air  pro-' 
duced  by  respiration.  As  employed  hy  Regnault  and  Reiset, 
it  is  only  adapted  to  experiments  on  animals  of  small  size. 
These  give  hnt  an  appTOKimative  idea  of  the  processes  as  they 
take  place  in  the  human  subject,  as  it  is  natural  to  supjjose 
dmt  the  relative  quantities  of  gases  consumed  and  produced 
in  respiration  vary  in  different  orders  of  animals.' 


*  In  Robbies  J^urmd  de  VAm^imie  fi  d&  la  Pk^oloi^^  July,  1864^  torn**  i,, 
p,  429,  we  fiTTd  an  anolyesm  of  redeaFcbes  on  rcepirmtion  bj  X)t,  Hilx  PcttjCDkofcr,  Id 
irhlcb  tbe  c^iidltiDii»  for  n^xurate  ob»i?iT»tion»  on  the  buman  subject  seem  to  be 
fttliiried.  Dr.  Fetlf^tikofer  has  con^tnicti^d  tt.  L'hambcT  large  enough  tafldmit  aQian, 
ftnil  allow  perf«:-<?t  fn?edoni  of  motion ^  eaUng^  sleeping^  etc*^  into  which  air  m  con* 
stAntlj  tntrodiicod  in  ile»luilte  quantUj,  and  froni  whLch  Ibe  products  of  ri^pirmtion 
are  eooHtanily  nenooTcd^  and  estimnte*!  An  Incofnplele  seric?*  of  ob«M^rviiU(yns  la 
pttblti»hv4|«  which  has  partlotilAr  reli^rcnce  to  the  products  of  rcsptmcton,  Thtta 
fij*  ih^  iitib|ect  of  eoniiumption  of  oxjgen  haj  not  been  t'onaidercd.  ExtefQdcd  ob* 
vervatiimB  bj  Pr,  pLHlenkofer  wtU  undoubtedly  ^ettlo  m«nj  dUputed  queetlonfl 

te  changes  of  the  m  In  r^piration.    Thu  method  wua  adapted  to  tbe 
27 
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The  rndireet  metliod  was  tiret  employed  by  BoussingaTilt, 
but  was  particularly  directed  to  the  exJialation  of  carboDic 
acid.  This  ob&erver  experimetited  upon  large  auiinals,  such 
as  the  horse  or  cow,  in  the  following  %iray :  Having  first  car€^ 
fully  regulated  the  diet,  so  that  there  was  no  change  in  weight 
during  the  exi>eriTuentSj  he  carefully  weighed  all  that  was 
introduced  as  food  and  drink,  and  all  that  was  discharged 
as  urine  and  feces.  The  exccisa  in  the  quantity  intrmluced, 
over  that  discharged  in  the  way  above  mentioned^  represents. 
neceSiSimly,  the  amount  lost  by  the  sldn  and  lungs.  By  a 
quantitative  comparison  of  the  elenientary  coni&tituent^  of  lie 
food  and  extTementSj  tolerably  accurate  itesnlts  were  arrired 
at ;  though  it  must  be  admitted  that  this  method  wonld  be 
coDsidered  of  little  valiie^  did  the  vo&vAi^  not  correspond  pretty 
closely  with  those  obtained  by  direct  analysis/ 

Estimates  of  the  absolute  quantities  of  oxygen  consumed, 
or  of  carbonic  acid  produced,  which  are  based  on  analyses  of 
the  inspired  and  expired  air,  calculations  from  the  aver* 
age  quantity  of  air  changed  with  each  respiratory  act,  and 
the  average  number  of  respirations  per  minute,  are  by  uo 
moans  as  reliable  as  analyses  showing  the  actual  chauges 
in  the  air,  like  those  of  Eegnault  and  Keiset,  provided  the 
physiolugieal  conditions  be  fultilled.  When  there  is  so  macli 
multiplication  and  ealculatioUj  a  very  slight  and  perhaps 
unavoidable  inaccuracy  in  the  quantities  consumed  or  pro 
duced  in  a  single  respiration  will  make  an  immense  error 
in  the  estimate  for  a  day,  or  even  an  hour. 

Bearing  all  these  sources  of  error  in  mtnd^  from  the  ex- 
periments of  Valentin  and  Bnmner,  Dumas,  and  others,  a  suf- 
ficiently accurate  approximation  of  the  proportion  of  oxygen 
consumed  by  the  human  subject  may  be  formed*     The  air, 

human  flfibJfKit  on  i  ^iDallacal^  in  1843,  bj  Scharlmgj  but  there  wii^^  no  srrtn|0- 
mcini  for  eatimatiiig  the  quanlitj  of  oijgen  futni^bcd  (Mu^£-Edwahpb,  Fhyh^ 
olofficy  tome  iL,  p.  498f  not<*,) 

^  BousanrCAiTLTj  Memmra  dt  ChimU  A^ricoh  ei  de  Ph^iol<^it^  P»iri«,  18W. 
pp.  1-12. 
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which  contains,  when  inspired,  20*81  parts  of  oxygen  per 
100,  is  found  on  expiration  to  contain  but  about  16  parts 
per  100.  In  other  words,  the  volume  of  oxygen  absorbed  in 
the  lungs  is  five  per  cent,  or  ^  of  the  volume  of  air  in- 
spired.* 

It  is  interesting  and  useful  to  extend  this  estimate  as  far 
as  possible  to  the  quantity  of  oxygen  absorbed  in  a  definite 
time ;  for  the  regulation  of  the  supply  of  oxygen  where  many 
persons  are  assembled,  as  in  public  buildings,  hospitals, 
etc.,  is  a  question  of  great  practical  importance.  Assuming 
that  the  average  respirations  per  minute  are  18,  and  that 
with  each  act  20  cubic  inches  of  air  are  changed,  15  cubic 
feet  of  oxygen  are  consumed  in  the  twenty-four  hours,  which 
represents  300  cubic  feet  of  pure  air.  This  is  the  minimum 
quantity  of  air  which  is  actually  used,  making  no  allowance 
for  the  increase  in  the  intensity  of  the  respiratory  processes, 
which  is  liable  to  occur  from  various  causes.  To  meet  all  the 
respiratory  exigencies  of  the  system,  in  hospitals,  prisons,  etc., 
it  has  been  found  necessary  to  allow  at  least  800  cubic  feet. 
of  air  for  each  person,  unless  the  situation  is  such  that  the  air 
is  changed  with  unusual  frequency;  for,  beside  the  actual 
loss  of  oxygen  in  the  respired  air,  constant  emanations  from 
both  the  pulmonary  and  cutaneous  surfaces  are  taking  place, 
which  should  be  removed.  In  some  institutions  as  much  as 
2,500  cubic  feet  of  air  is  allowed  to  each  person.' 

The  quantity  of  oxygen  consumed  is  subject  to  great 
variations,  depending  upon  temperature,  the  condition  of  the 
digestive  system,  muscular  activity,  etc.  The  following  con- 
clusions, the  results  of  the  observations  of  Lavoisier  and  86- 
guin,  give  at  a  glance  the  variations  from  the  above-men- 
tioned causes :  * 

'  Milkk-Edwabds,  Phyniologie^  tome  ii.,  p.  610.  « 

'Todd  and  BowmaVj  Fhysiohffical  Anatomy  and  Physiology  o/Jl/a»,  Phila- 
delphia, 1867,  p.  728. 

•  Taken  from  Losget,  Traite  de  Physiologie^  Paris,  1861,  tome  i.,  p.  626. 
Though  the  absolute  quantities  obtained  by  Lavoisier  and  Seguin  arc  not  bo  re- 
liable as  those  obtained  by  later  observers,  yet  the  accurate  employment  of  the 
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"  1.  A  man,  in  repose  Budfastinffy  with  an  external  tem- 
perature of  90®  Fahr.,  consumes  1,465  cubic  inches  of  oxygen 
per  hour. 

"  2.  A  man,  in  repose  dmA  fasting^  with  an  external  tem- 
perature of  59®  Fahr.,  consumes  1,627  cubic  inches  of  oxygen 
per  hour. 

^'3.  A  man,  during  digestion^  consumes  2,300  cubic 
inches  of  oxygen  per  hour. 

"  4.  Kjn2J\^  fasting^  while  he  accomplishes  the  labor  ne- 
cessary to  raise,  in  fifteen  minutes,  a  weight  of  7*343  klL 
(about  16  lb.  3  oz.  av.)  to  the  height  of  656  feet,  consnmea 
3,874  cubic  inches  of  oxygen  per  hour. 

"  5.  A  man,  during  digestion^  accomplishing  the  labor 
necessary  to  raise,  in  fifteen  minutes,  a  weight  of  7*343  U. 
(about  16  lb.  3  oz.  av.)  to  the  height  of  700  feet,  consumes 
5,568  cubic  inches  of  oxygen  per  hour." 

Influence  .of  Temperature. — All  who  have  experimented 
on  the  influence  of  temperature  upon  the  consumption  of 
oxygen,  in  the  warm-blooded  animals  and  in  the  human  sub- 
ject, have  noted  a  marked  increase  at  low  temperatures. 
Cold-blooded  animals  always  suffer  a  depression  of  the  vital 
processes  at  low  temperatures,  with  a  corresponding  diminu- 
tion in  the  quantity  of  oxygen  consumed,  until  they  finally 
1)ecome  torpid. 

Immediately  after  birth,  the  consumption  of  oxygen  in 
the  warm-blooded  animals  is  relatively  very  slight.  Buffon 
and  Legallois"  Lave  shown  that  just  after  birth,  dogs  and 
other  animals  will  live  for  half  an  hour  or  more  under  water; 
and  cases  are  on  record  where  life  has  been  restored  in  newly- 
born  children  after  seven,  and,  it  has  been  stated,  after  twenty- 
three  hours  of  asphyxia.  During  the  first  periods  of  exist- 
ence, the  condition  of  the  newly-born  approximates  to  that  of  a 

best  means  of  investigation  at  their  command  leads  us  to  place  every  confidence 
in  the  comparative  results. 

*  Milne-Edwards,  PhjsioJogie^  tome  ii.,  p.  659. 

'  Leoallois,  (EuvreSj  Paris,  1824,  tome  i.,  p.  6V. 
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cold-blooded  animal.  The  lungs  are  relatively  very  small,  and 
it  ia  some  time  before  they  fuUy  assmne  their  fimction.  The 
rauscnlar  movements  are  hardly  more  than  is  necessary  to  take 
the  small  amount  of  nourishment  consumed  at  that  period,  and 
nearly  all  of  the  time  is  passed  in  sleep.  There  is  also  very 
little  power  of  resistance  to  low  temperature.  Though  accu- 
rate researches  regarding  the  comparative  quantities  of  oxy- 
gen in  the  venous  and  arterial  blood  of  the  foetus  are  wanting, 
it  has  been  frequently  observed  that  the  difference  in  color  is 
not  as  marked  as  it  is  after  pulmonary  respiration  becomes 
established.  The  direct  researches  of  W.  F.  Edwards  have 
shown  that  the  absolute  consumption  of  oxygen  by  very 
young  animals  is  very  small ;  *  and  the  observations  of  Lcgal- 
lois  on  rabbits,  made  every  five  days  during  the  first  month 
of  existence,  show  a  rapidly  increasing  demand  for  this  prin- 
ciple with  age.* 

Eegnault  and  Eeiset  have  shown  that  the  consumption 
of  oxygen  is  greater  in  lean  than  in  very  fat  animals,  pro- 
vided they  be  in  perfect  health.  They  have  also  shown  that 
the  consumption  is  much  greater  in  carnivorous  than  in 
herbivorous  animals;  and  in  animals  of  different  sizes,  is 
relatively  very  much  greater  in  those  which  are  very  small. 
In  very  small  birds,  such  as  the  sparrow,  the  proportional 
quantity  of  oxygen  absorbed  was  ten  times  greater  than  in 
the  fowl.' 

In  sleep,  the  quantity  of  oxygen  consumed  is  considerably 

*  De  VInftumee  dea  Affens  Phynqves  aur  la  Ft>,  Paris,  1824,  p.  178  et  seq. 

'  Loe,  ciL  In  his  experiments  on  rabbits,  Legallois  found  that  immmediatcly 
after  birth  they  would  live  for  fifteen  minutes  deprived  of  air.  "  In  asphyxiating 
rabbits  of  different  ages,  for  example,  every  five  days,  from  the  moment  of  birth 
to  the  age  of  one  month,  it  was  constantly  observed  that  the  duration  of  sensa- 
.tion,  of  voluntary  motion,  in  a  word,  the  signs  of  life,  always  diminished  in  pro- 
portion as  the  animals  advanced  in  age.  Thus,  in  a  rabbit  newly  bom,  sensation 
and  voluntary  movements  were  not  extinct  imtil  the  end  of  about  fifteen  minutes 
of  asphyxia,  while  they  were  extinct  in  less  than  two  mmutea  in  a  rabbit  of  tho 
age  of  thurty  days."    Pp.  57,  58. 

•LoceiL 
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diminished ;  and  in  hibernation  is  so  small,  that  Spallanzani 
could  not  detect  any  difference  in  the  composition  of  the  air 
in  which  a  marmot,  in  a  state  of  torpor,  had  remained  for 
three  hours.*  In  experiments  on  a  marmot  in  hibernation, 
Eegnault  and  Eeiset  observed  a  reduction  in  the  quantity  of 
oxygen  consumed  to  about  -^  of  the  normal  standard.* 

It  has  been  sliown  by  experiments,  that  the  consumption 
of  oxygen  bears  a  pretty  constant  ratio  to  the  production  of 
carbonic  acid ;  and  as  the  observations  on  the  influence  of 
sex,  number  of  respiratory  acts,  etc.  on  the  activity  of  the 
respiratory  processes,  have  been  made  chiefly  with  reference 
to  the  carbonic  acid  exhaled,  we  will  consider  these  influences 
in  connection  Avith  the  products  of  respiration. 

Experiments  on  the  effect  of  increasing  the  proportion  of 
oxygen  in  the  air  have  led  to  varied  results  in  the  hands  of 
different  observers.  Kegnault  and  Keiset,  whose  observa- 
tions on  this  point  are  generally  accepted,  did  not  discover 
any  increase  in  the  consumption  of  oxygen  when  this  gas  was 
largely  in  excess. 

The  results  of  confining  an  animal  in  an  atmosphere  com- 
posed of  21  parts  of  oxygen  and  79  parts  of  hydrogen  are 
very  curious  and  instructive.  When  hydrogen  is  thus  sub- 
stituted fortlie  nitrogen  of  the  air,  the  consumption  of  oxygen 
is  largely  increased.  Regnault  and  Reiset  attribute  this  to 
the  superior  refrigerating  power  of  the  hydrogen ;  but  a  more 
rational  explanation  would  seem  to  be  in  its  superior  diSvLSi- 
bility.  Hydrogen  is  the  most  diffusible  of  all  gases;  and 
when  introduced  into  the  lungs  in  the  place  of  the  nitrogen 
of  the  air,  tlie  vitiated  air,  charged  with  carbonic  acid,  is 
undoubtedly  more  readily  removed  from  the  deep  portions 
of  the  lungs,  giving  place  to  the  mixture  of  hydrogen  and 
oxygen ;  and  it  is  probably  for  this  reason  that  the  quantity 
of  oxygen  consumed  is  increased.     It  is  probable  that  the 

*  Spallanzani,  Memoires  sur  la  Eespiration^  iraduites  par  Senebier,  GencTC, 
1803,  p.  334. 

'  Op.  cit.,  p.  442. 
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Bitrogen  of  the  air  plays  an  important  part  in  the  phenomena 
of  respiration  by  virtue  of  its  degree  of  diffusibility. 

In  view  of  the  great  variations  in  the  consumption  of 
oxygen  dependent  on  different  physiological  conditions,  ^ch 
as  digestion,  exercise,  temperature,  etc.,  it  is  impossible  to  fix 
upon  any  number  which  will  represent,  even  approximatively, 
the  average  quantity  consumed  per  hour.  The  estimate 
arrived  at  by  Longet,*  from  a  comparison  of  the  results  ob- 
tained by  different  reliable  observers,  is  perhaps  as  near  the 
truth  as  possible.  This  estimate  puts  the  hourly  consumption 
at  from  1,220  to  1,525  cubic  inches,  "  in  an  adult  male,  during 
repose  and  in  normal  conditions  of  health  and  temperature." 

In  passing  through  the  lungs,  the  air,  beside  losing  a 
proportion  of  its  oxygen,  undergoes  the  following  changes : 

1.  Increase  in  temperature. 

2.  Gain  of  carbonic  acid. 

3.  Gain  of  watery  vapor. 

4.  Gain  of  ammonia. 

5.  Gain  of  a  small  quantity  of  organic  matter. 

6.  Gain,  and  occasionally  loss,  of  nitrogen. 

The  elevation  in  temperature  of  the  air  which  has  passed 
through  the  lungs  has  been  carefully  observed  by  Dr.  Gr6- 
hant.'  He  found  that  with  an  external  temperature  of  72°, 
respiring  17  times  per  minute,  the  air  taken  in  by  the  nares 
and  expired  by  the  mouth,  through  an  apparatus  containing 
a  thermometer  carefully  protected  from  external  influences, 
marked  a  temperature  of  95'4°.  Taking  in  the  air  by  the 
mouth,  the  temperature  of  the  expired  air  was  93°.  At  tlie 
commencement  of  tlie  expiration,  Dr.  Gr6hant  noted  a  tem- 
perature of  94°.  After  a  prolonged  expiration,  the  temper- 
atnre  was  96°.  In  these  observations  the  temperature  taken 
beneath  the  tongue  was  98°. 

*  Op,  cit.,p,  631. 

•  GRiHAUT,  Rechereha  Phyniqufs  mr  la  Reipiration  cfe  VUomme,  Journal  de 
PAnatomie  etdfla  Phyiiologie^  1864,  tome  i,  p.  640. 
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Valentin  had  previously  made  experiments  on  this  point, 
and  put  the  temperature  of  the  expired  air  a  little  higher, 
i.  e.j  about  99°,  with  an  external  temperature  of  68°.  He 
also  showed  that  the  temperature  of  the  surrounding  atmos- 
phere exerted  an  important  influence  on  the  temperature  of 
the  expired  air.  In  an  observation  made  in  winter,  with  an 
external  temperature  of  18°,  the  temperature  of  the  expired 
air  was  only  85*5°.* 

JExhalation  of  Carbonic  Add. — The  production  of  car- 
bonic acid  in  the  respiratory  process  is  as  universal  as  the 
consumption  of  oxygen.  Experiments  have  shown  that  all 
animals  during  life  exhale  this  principle,  as  well  as  all  tis- 
sues, so  long  as  they  retain  their  instability.  This  takes 
place,  not  only  when  the  animals  or  tissues  are  placed  in  an 
atmosphere  of  oxygen,  or  common  air,  but,  as  was  observed 
by  Spallanzani,*  in  an  atmosphere  of  pure  nitrogen  or  hydro- 
gen. This  fact  has  since  been  noted  by  W.  F.  Edwards,  J. 
Miiller,  G.  Liebig,  and  others. 

The  study  of  the  exhalation  of  carbonic  acid  presents  sev- 
eral problems  of  great  physiological  interest : 

1.  What  is  the  absolute  quantity  of  carbonic  acid  exhaled 
by  the  lungs  in  a  given  time  ? 

2.  What  are  the  variations  in  the  exhalation  of  this  prin- 
ciple due  to  physiological  influences  ? 

3.  AVhat  is  the  relation  between  the  quantity  of  carbonic 
acid  produced  and  the  quantity  of  oxygen  consumed  ? 

On  account  of  the  variations  in  the  quantities  of  carbonic 
acid  exhaled  at  diflerent  periods  of  the  day,  and  particularly 
the  great  influence  of  the  rapidity  of  the  respiratory  move- 
ments, it  is  exceedingly  difticult  to  fix  upon  any  number 
which  will  represent  the  average  proportion  of  this  gas  con- 
tained in  the  expired  air.  The  same  influences  were  found 
atiecting  the  consumption  of  oxygen ;  and  the  same  difliculties 

*  Grehant,  Rt'cherches  F/u/siques  nur  la  Respiration  de  V Homme,    Journal  (U 
r Anatomic  et  de  la  Physiologie^  1864,  tome  i.,  p.  645. 
"  Op.  de,,  p.  343. 
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were  experienced  in  forming  an  estimate  of  the  proportion 
of  this  gas  consumed.  As  we  assumed,  after  a  comparison 
of  the  results  obtained  by  different  observers,  that  the  vol- 
ume of  oxygen  consumed  is  about  five  per  cent,  of  the  entire 
volume  of  air,  it  may  be  stated  as  an  approximation,  that  in 
the  intervals  of  digestion,  in  repose,  and  under  normal  con- 
ditions as  regards  the  frequency  of  the  pulse  and  respiration, 
the  volume  of  carbonic  acid  exhaled  is  about  four  per  cent. 
of  the  volume  of  the  expired  air.*  As  the  volume  of  the  oxy- 
gen which  enters  into  the  composition  of  a  definite  quantity  of 
carbonic  acid  is  precisely  equal  to  the  volume  of  the  car- 
bonic acid,  it  is  seen  that  a  certain  quantity  of  oxygen  disap- 
pears in  respiration,  and  is  not  represented  in  the  carbonic 
acid  exhaled. 

There  are  great  differences  in  the  proportion  of  carbonic 
acid  in  the  expired  air,  depending  upon  the  time  during 
which  the  air  has  remained  in  the  lungs.  This  interesting 
point  has  been  studied  by  Vierordt,  in  a  series  of  94  experi- 
ments made  upon  his  own  person,  with  the  following  results :  * 

"  When  the  respirations  are  frequent,  the  quantity  of  car- 
bonic acid  expelled  at  each  expiration  is  much  less  than  in  a 
slow  expiration ;  but  the  quantity  of  carbonic  acid  produced 
during  a  given  time  by  frequent  respirations  is  greater  than 
that  which  is  thrown  off  by  slow  expirations."  ' 

The  air  which  escapes  during  the  first  period  of  an  expi- 
ration is  naturally  less  rich  in  carbonic  acid  than  that  which 
is  last  expelled  and  comes  directly  from  the  deeper  portions 
of  the  lungs.  Dividing,  as  nearly  as  possible,  the  expiration 
into  two  equal  parts,  Vierordt  found,  as  the  mean  of  twcnty- 

'  Xilxe-Edwakos,  PhynoloffU^  tome  iL,  p.  507.    Tbis  approximatian  U  taken 

from  the  obflerrations  of  Valentin  and  Brunncr,  Daiton,  Prout,  Apjobn,  Coathupe, 

Horn,  and  Yierordt    The  experimentJi  of  Vierordt  arc,  perbapn,  entitled  to  tbe 

inoBt  credit,  as  be  bas  studied  very  carefully  tbe  influence  of  tbe  frer^uency  of  re»- 

Jibation  upon  tbe  qoantitj  of  cartionic  acid  exbaled. 

*  Cited  in  MiLSE-EDWASDe,  FhytvjUAj'iCy  tome  li^  p.  574,  and  B^iuiiif,  Onin 
4  FkymologU,  tome  iil,  p.  ^49. 

*  BisASD,  2m;.  a<L 
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one  experiments,  a  percentage  of  3*72  in  the  first  part  of 
expiration,  and  5"44  in  the  second  part.^ 

Temporary  arrest  of  the  respirntory  movements,  as 
should  expect 5  has  a  marked  influence  in  inereatiing  the  i> 
portion  of  carljonie  acid  in  the  expired  air ;  though  the  at 
lute  quantity  exlialcd  in  a  given  time  h  diminiehe<:lp     Irm     _^  ^ 
ninnln*r  of  eKj>ei-iment^  on  Ms  own  person,  Vierortlt  asc^w  m^r-^ 
tallied  that  the  percentage  of  carbonic  smd  hecome^  nnifo:»E=rin 
in  all   ptirtti  of  the  respiratory  organs,  after  holding    tz^  Im 
bni^ath  for  4t)  seconds.    Holding  the  breath  after  an  ordio  $^l-  tt 
inep Nation  for  20  seconds,  the  percentage  of  carbonic  imcz^itf 
in  the  expired  air  "wm  increased  1"7S  over  the  noroial  stanrnd- 
ard ;  but  the  absolute  quantity  exhaled  was  diminiaheil     ^y 
2*642  r:iil>i<;  inches,     AiYer  taking  the  deepest  poesible  io^X''"- 
ration,  and  holding  the  breath  for  100  eeeondtf,  the  pere^»^^ 
age  was  increased  3 'OS  above  the  normal  standard ;  but    t-lio 
absolute  fjuajatity  was  dftnini&hed  more  than  14  cubic  incli^ssa. 
Alien  and  Pepys  state  that  air  which  has  pa^ed  D  or  10  tiix^<^ 
through  the  luugs  contains  1^*5  per  cent»  of  carbonic  acid-™ 

Vierordt  gives  the  following  formula  a^  represeutiij|r  *^'^^ 
influence  of  the  fi'equency  of  the  respirations  on  the  prcpd  *^^ 
tioii  of  carbonic  acid  :  Taking  2 '5  ])art.9  per  hundred  as  t"^^ 
relenting  tlie  constant  vnhie  of  the  gas  esiuded  by  the  blo^^? 
the  increase  over  this  proportion  in  the  expired  air  iB  ^^ 
exact  ratio  to  the  duration  in  the  contact  of  the  air  ^^^* 
blood.  This,  though  it  may  hold  good  in  many  instatt*-^ 
seems  rather  an  excessive  refinement.* 

'  LEHMANNf  PhyMoffical  Chemutryy  Philadelphia,  1866,  voL  iL,  p.  439. 
'  Cydopoedia  of  Anatomy  and  Phytiology^  vol  iv.,  part  1,  p.  352. 
'  Ibid. 

*  The  following  table  gives  at  a  glance  the  most  important  reenlts  of  '^^ 
ejLperiments : 

Proportion  of  Carbonle  Acid.  Nombor  of  BMplntkBO  ym  lHaiil^ 

6-7  per  100  parts  of  air 6 

41       "     ."       **       18 

8-8       "       "       **       24 

2-»       •*       •*       "       48 

2-7       -       ••       "       96 
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The  absolute  quantity  of  carbonic  acid  exhaled  in  a  given 
time  is  a  more  important  subject  of  inquiry  than  the  propor- 
tion contained  in  the  expired  air  ;  for  the  latter  is  constant- 
ly varying  with  every  modification  in  the  number  and  ex- 
tent of  the  respiratory  acts,  and  the  volume  of  breathing 
air  is  subject  to  great  fluctuations,  and  is  very  difficult  of 
determination.  The  direct  method,  in  which  the  actual 
products  of  respiration  are  collected  and  estimated,  has  led 
to  very  important  results,  which  have  been  confirmed  to  a 
certain  extent  by  Boussingault,  Barral,  and  others  who  have 
employed  the  indirect  method.  It  is  by  the  direct  method, 
in  the  hands  of  Regnault  and  Reiset,  Andral  and  Gavarret, 
and  more  recently  Dr.  Edward  Smith,  that  we  have  learned 
80  much  regarding  the  physiological  variations  in  the  prod- 
ucts of  respiration ;  one  of  the  most  important  considerations 
connected  with  the  subject. 

Among  the  most  reliable  observations  on  the  quantity  of 
carbonic  acid  exhaled  by  the  human  subject  in  a  definite 
time,  and  the  variations  to  which  it  is  subject,  are  those  of 
Andral  and  Gavarret,*  and  Dr.  Edward  Smith."  The  obser- 
Yations  of  Lavoisier  and  S^guin,  Prout,  Davy,  Dumas,  Allen 
and  Pepys,  Scharling,  and  others,  have  none  of  them  seemed 
to  fulfil  the  necessary  experimental  conditions  so  completely. 
Scharling's  method  was  to  enclose  his  subject  in  a  tight  box, 
with  a  capacity  of  about  27  cubic  feet,  to  which  air  was  con- 
stantly supplied;  but  the  observations  were  comparatively 
few,  being  made  on  only  six  persons.  In  his  observations, 
the  quantities  of  gas  exhaled  must  have  been  considerably 
modified  by  the  elevation  of  temperature  and  exhalation  of 
moisture  in  so  small  a  space.'     The  mental  condition  of  the 

*  Recherchti  sur  la  Quantite  d'Acide  Carbon iqve  exlidle  par  lea  Foumona  dans 
^Etpice  ffttmaine.    Annales  de  Chimie et  de  Phy^ique^  3me  sdrie,  tome  viii.,  p.  129. 

•  Edwabd  Smith,  Experimentallnquiriea  itiio  the  Chemical  and  other  Phenom- 
ena of  Beapiration,  and  their  Modifications  by  various  Physical  Agencies  {Phi- 
^otophical  Transactions^  1869,  p.  681) ;  and  On  Oie  Action  of  Foods  upon  the 
Jieipiraium  during  (fie  Primary  Processes  of  Digestion  (Ibid.,  p.  TIS). 

'  Annalea  de  Chim,  et  de  Phys.,  tome  Tiii.,  p.  488.     Scharling  recognized  the 
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snbjent  of  an  erperiment  has  an  iDflnence  upon  llie  products 
of  raspiratioii,  and  the  functioo  is  sometime  modi  tied  trora 
the  mere  fact  that  an  exiierimeut  is  being  performed  ;  an  in- 
fluence which  Scliarlin^  did  not  fail  to  recognize,  hut  which 
frequently  cannot  Ije  guarded  against. 

The  oheerrations  of  Andral  and  Gavarret  were  made  on 
iLxty-two  persons  of  hoth  sexes  and  different  ages,  and  under 
absolutely  identical  conditions  as  regards  digestion,  time  of 
the  day,  barometric  pressure,  and  tetnperatnre.  The  prod- 
nets  of  respiration  were  collected  in  the  following  way: 
A  thin  maik  of  copper  covering  the  faee^  and  large  enongh 
to  contain  an  entire  ex|)iration,  was  fitted  to  the  face  by 
its  edgcB,  which  were  provided  with  India-nihber,  &t.i  as  to 
make  it  air-tig]it<  At  the  upper  part  was  a  plate  of  glass  for 
the  admission  of  light,  and  at  the  lower  part  an  openinff, 
which  allowed  the  entrance  of  air,  but  was  jiroTided  witli  a 
valve  preventing  its  escape*  By  another  opening  the  ma^k 
was  connected  by  a  rubber  tnbe  with  three  glass  balloons,  car 
pable  of  holding  8,544  cubic  inches,  in  which  a  vacuum  was 
previously  established.  With  the  mask  fixed  upon  the  fiwje, 
and  a  stop-cock  opened,  connected  with  tlie  balloons,  so  as  to 
graduate  the  current  of  air,  the  subject  reiipires  freely  in  the 
current  which  comes  from  the  exterior  into  the  I'ecelvers,  la 
this  way,  though  the  quantity  of  air  respired  is  not  measured, 
the  vacuum  in  the  receivers  draws  in  the  products  of  rt?6pini* 
tion*  The  current  will  continue  for  from  8  to  13  minute, 
and  is  so  regulated  that  the  air  is  respircfl  bnt  once.  The 
quantity  of  carbonic  acid  in  the  receivers  represents  the 
quantity  produced  during  the  time  that  the  experiment  has 
been  going  on. 

By  carefidly  fiilfilling  all  the  phyfiiologieal  conditions, 


ULXiCdalij  of  gu&rduif  against  the  inflaetice  of  dcTtitioii  of  temp^rnttii^  mid  «(vi»* 
mulation  of  nioiature,  axid  Httemptcd  to  r<*raort  tlie  latter  by  iiitrodacini*  a  r^^sH 
of  gulpUuric  add  Wis  grejite&t  difficulty  was  la  the  nnnljies  of  tht»  nir.  Thougb 
tbe  results  obtained  aru  valuAble,  ttic  proeosa  ciuinoC  claim  iJie  accuracy  aflaliiQil 
hf  Andral  and  GaTajret, 
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r^nlating  the  number  of  respirations,  as  far  as  possible,  to 
the  normal  standard,  different  observations  on  the  same  sub- 
ject, at  different  times,  under  the  same  conditions,  were  at- 
tended with  results  so  nearly  identical,  as  to  give  every  con- 
fidence in  the  accuracy  of  the  process.  But  even  then,  these 
observers  recognized  such  immense  variations  in  the  exhalar 
tion  of  carbonic  acid  with  the  constantly  varying  physiologi- 
cal conditions,  that  they  did  not  feel  justified  in  taking  their 
observations  as  the  basis  for  calculations  of  the  entire  quantity 
exhaled  in  the  twenty-four  hours. 

The  results  of  these  observations  on  the  male,  between  the 
ages  of  sixteen  and  thirty,  between  1  and  2  p.m.,  imder  iden- 
tical conditions  of  the  digestive  and  muscular  systems,  each 
experiment  lasting  from  eight  to  thirteen  minutes,  showed  an 
exhalation  of  about  1,220  cubic  inches  of  carbonic  acid  per 
hour. 

Dr.  Edward  Smith,*  in  his  elaborate  paper  on  the  phe- 
nomena of  respiration,  employed  a  very  rigorous  method  for 
the  estimation  of  the  carbonic  acid  exhaled.  He  used  a 
mask,  fitting  closely  to  the  face,  which  covered  only  the  air- 
passages.  The  air  was  admitted  after  being  measured  by 
passing  through  an  ordinary  dry  gas-meter.  The  expired 
air  was  passed  through  a  drying  apparatus,  and  the  carbonic 
acid  absorbed  by  a  solution  of  potash,  arranged  in  a  number 
of  layers,  so  as  to  present  a  surface  of  about  700  square  inches, 
and  carelully  weighed.  This  apparatus  was  capable  of  col- 
lecting all  the  carbonic  acid  exhaled  in  an  hour.  The  esti- 
mate was  made  for  18  waking  hours  and  6  hours  of  sleep. 
The  observations  for  the  18  hours  were  made  on  four  pereons, 
namely :  Dr.  Smith,  aet.  38  years,  weighing  196  pounds,  6 
feet  high,  with  a  vital  capacity  of  280  cubic  inches ;  Mr. 
Chouls,  set.  48  years,  5  feet  9J  inches  high,  175  pounds 
weight ;  Dr.  Murie,  set.  26  years,  5  feet  7^  inches  high,  133 
pounds  weight,  vital  capacity  250  cubic  inches ;  Prof.  Frank- 
land,  set.  33  years,  5  feet  10^  inches  high,  and  136  pounds 

^  Loc.  cU, 
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weight.  Breakfast  was  taken  at  8^  A.M.,  dinner  at  1  J,  tea  at 
5i,  and  supper  at  8^  p.m.  The  observations  occupied  ten  min- 
utes, and  were  made  every  hour  and  halt-hour  for  18  hours. 
The  average  for  the  18  hours  gave  20,082  cubic  inches  of 
carbonic  acid  for  the  whole  period.  Observations  during  the 
6  hours  of  sleep  showed  a  total  exhalation  of  4,126  cubic 
inches.  This,  added  to  the  quantity  exhaled  during  the  day, 
gives  as  the  total  exhalation  in  the  twenty-four  hours,  during 
complete  repose^  24,208  cubic  inches  (about  13*45  cubic  feet), 
containing  7*144  oz.  av.  of  carbon.* 

Considering  the  great  variations  in  the  exhalation  of  car- 
bonic acid,  this  estimate  can  be  nothing  more  than  an  ap- 
proximation. One  of  the  great  modifying  influences  is  mus- 
cular exertion,  by  which  the  production  of  carbonic  acid  is 
largely  increased.  This  would  indicate  a  larger  quantity 
during  ordinary  conditions  of  exercise,  and  a  much  larger 
quantity  in  the  laboring  classes.  Dr.  Smith  gives  the  fol- 
lowing approximate  estimates  of  these  differences :  • 

In  quietude T'Hi  oz.  av.  of  carbon. 

Non-laborious  class 8-68         "  " 

Laborious  class 11'7  '*  " 

In  studying  the  variations  in  the  exhalation  of  carbonic 
acid,  important  infonnation  has  been  derived  from  experi- 
ments by  many  observers  on  the  inferior  animals,  as  well  as 
from  the  observations  of  Dumas,  Prout,  Scharling,  and  others 
on  the  human  subject.  The  principal  conditions  which 
influence  the  exlialation  of  this  principle  are : 

Age  and  sex ;  activity  or  repose  of  the  digestive  system ; 
form  of  diet;  sleep;  muscular  activity;  fatigue;  moisture, 
and  surrounding  temperature ;  season  of  the  year. 

*  Op.  cU.y  p.  692.  In  these  calculations  there  is  a  slight  arithmetical  error; 
but  it  makes  a  diflferencc  of  only  40  cubic  inches  of  gas  in  the  estimate  for  the  24 
hours.  In  the  original  paper,  the  quantity  is  given  by  weight  We  have  re- 
duced it  to  cubic  inches,  assuming  that  100  cubic  inches  of  gas  weigh  47*26  graini 

'  Op.  cit.,  p.  693. 
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Influence  of  Age. — In  treating  of  the  consumption  of 
oxygen,  it  was  stated  that  during  the  first  few  days  of  extra^ 
uterine  existence,  the  demand  for  oxygen  on  the  part  of  the 
system  is  very  slight.  At  this  period  there  is  a  correspond- 
ingly feeble  exhalation  of  carbonic  acid.  It  is  well  known 
that  during  the  first  hours  and  days  after  birth  the  new 
being  has  little  power  of  generating  heat,  needs  constant 
protection  from  changes  in  temperature,  and  the  volun- 
tary movements  are  very  imperfect.  During  the  first  few 
days,  indeed,  the  infant  does  little  more  than  sleep  and  take 
the  small  quantity  of  colostrum  which  is  furnished  by  the 
mammary  glands  of  the  mother.  While  the  animal  functions 
are  so  imperfectly  developed,  and  until  the  nourishment  be- 
comes more  abundant  and  the  child  begins  to  increase  rapidly 
in  weight,  the  quantity  of  carbonic  acid  exhaled  is  very  small. 

After  the  respiratory  function  becomes  fully  established, 
it  is  probable,  from  the  greater  number  of  respiratory  move- 
ments in  early  life,  that  the  production  of  carbonic  acid,  in 
proportion  to  the  weight  of  the  body,  is  greater  in  infancy 
than  in  adult  life.  Direct  observations,  however,  are  wanting 
on  this  point. 

The  observations  of  Andral  and  Gavarret*  show  the  com- 
parative exhalation  of  carbonic  acid  in  the  male,  from  the  age 
of  twelve  to  eighty-two,  and  give  the  results  of  a  single  obser- 
vation at  the  age  of  one  hundred  and  two  years.  They  show 
an  increase  in  the  absolute  quantity  exhaled  from  the  age  of 
twelve  to  thirty-two ;  a  slight  diminution  fi'om  thirty-two  to 
sixty ;  and  a  considerable  diminution  from  sixty  to  eighty- 
two.     These  results  are  given  in  the  following  table : 

Carbonic  acid  exhaled  per  Tiow. 

In  bojs  from  twelve  to  sixteen  years 915  cubic  inches. 

In  young  men  from  seventeen  to  nineteen  years 1,220     *^        *^ 

In  men  from  twenty-five  to  thirty-two  years 1,343     "        " 

In  men  from  thirty-two  to  sixty  years 1,220    "        ** 

In  men  from  sixty-three  to  eighty-two  years 933     "        ** 

In  an  old  man  of  one  hundred  and  two  years 071     **        ^ 

^Loc.  cU, 
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Taking  into  consideration  the  increase  in  the  weight  of 
the  body  with  age,  it  is  evident  that  the  respiratory  activity 
is  much  greater  in  youth  than  in  adult  life.  Andral  and 
Gavarret  do  not  give  the  weight  of  the  subjects  of  their 
observations,  but  as  the  weight  generally  does  not  diminish 
after  maturity,  there  can  be  no  doubt  that  there  is  a  rapid 
diminution  in  the  relative  quantity  of  carbonic  acid  produced 
in  old  age. 

Scharling,  in  a  series  of  observations  on  a  boy  nine  years 
of  age,  weighing  485  pounds,  an  adult  of  twenty-eight,  and 
one  of  thirty-five  years,  the  latter  weighing  163"6  pounds, 
showed  that  the  respiratory  activity  in  the  child  was  nearly 
twice  as  great,  in  proportion  to  his  weight,  as  the  average  in 
the  adults.*  It  is  seen  from  the  observations  of  Andral  and 
Gavarret,  that  the  absolute  increase  in  the  exhalation  of  car- 
bonic acid  from  childhood  to  adult  life  is  very  slight  in  com- 
parison with  the  natural  increase  in  the  weight  of  the  body; 
showing  that,  proportionately,  the  exhalation  of  carl>onic  acid 
is  greater  in  early  life. 

Influence  of  Sex. — ^All  observers  have  found  a  marked 
difference  between  the  sexes,  in  favor  of  the  male,  in  the 
proportion  of  carbonic  acid  exlialed.  Andral  and  Gavarret 
noted  an  absolute  diiference  of  about  forty-five  cubic  inches 
per  lioiir,  but  did  not  take  into  consideration  the  difterence 
in  the  weiglit  of  the  body.  Scharling,  taking  the  proportion 
exhaled  to  tlie  weight  of  the  body,  noted  a  marked  difierence 
in  favor  of  the  male. 

The  difference  in  the  degree  of  muscular  activity  in  the 
sexes  is  sufficient  to  account  for  tlie  greater  evolution  of  car- 
bonic acid  in  the  male,  for  this  principle  is  exhaled  in  pro- 

*  Scharling, /?t»c/«rc/*«s«</- /a  QuarUite  d\Acide  Carbomque  expire  par  CHoinrM, 
Annalen  de  C?iimie  et  de  Pht/sique,  3me  86rie,  tome  viiL,  p.  486. 

Taking  the  proportion  of  carbonic  acid  exhaled  per  hour  to  the  weight,  in 
the  man  28  years  of  age,  as  1,  in  the  man  35  years  of  age  the  proportion  was  1*14, 
and  in  the  boy  9^  years  of  age,  2*07.    P.  489. 
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poitioii  to  the  muscular  development  of  the  individual ;  but 
there  is  an  important  difference  connected  with  the  variations 
with  age,  which  depends  upon  the  condition  of  the  generative 
system  of  the  female. 

The  absolute  increase  in  the  evolution  of  carbonic  acid 
with  age  in  the  female  h  arrested  at  the  time  of  puberty, 
and  remains  stationary  during  the  entire  menstrual  period, 
provided  the  menstrual  flow  occur  with  regularity.  During 
this  time,  the  average  exhalation  per  hour  is  Y14  cubic  inches. 
After  the  cessation  of  the  menses,  the  quantity  gradually 
increases,  until  at  the  age  of  sixty  it  amounts  to  915  cubic 
inches  per  hour.  From  the  age  of  sixty  to  eighty-two,  the 
quantity  diminishes  to  Y93,  and  finally  to  670  cubic  inches. 

When  the  menses  are  suppressed,  there  is  an  increase  in 
the  exhalation  of  carbonic  acid,  which  continues  until  the  flow 
becomes  reestablished.  In  a  case  of  pregnancy  the  exhalation 
was  increased  to  about  885  cubic  inches.* 

Injhience  of  Digestion, — Almost  all  observers  agree  that 
the  exhalation  of  carbonic  acid  is  increased  during  digestion. 
Lavoisier  and  S^guin  found  that  in  repose  and  fasting,  the 
quantity  exhaled  per  hour  was  1,210  cubic  inches ;  which  was 
raised  to  1,800  and  1;900  during  digestion.'  Numerous  ex- 
periments on  animals  have  confirmed  this  statement.  A  very 
interesting  series  of  observations  on  this  point  was  made  by 
Vierordt  upon  his  own  person.  Taking  his  dinner  at  from 
12*30  to  1  p.  M.,  having  noted  the  frequency  of  the  pulse 
and  respirations  and  the  exhalation  of  carbonic  acid  at  12, 
he  found  at  2  p.  m.  the  pulse  and  respirations  increased  in 
frequency,  the  volume  of  expired  air  augmented,  and  that 
the  carbonic  acid  exhaled  had  increased  fi-om  15*77  to  18*22 
cubic  inches  per  minute.      In  order  to  ascertain  that  this 

*  The  above  facts,  showing  the  peculiar  influence  of  the  condition  of  the  genera- 
tire  organs  in  the  female,  are  among  the  most  important  results  of  the  obserra- 
tions  of  Andral  and  Gavarret.    Loc.  cit. 

•  Cjfdopadia  of  Anatomy  and  Physiology^  vol  iv.,  part  i.,  pp.  846,  847. 

28 
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variation  did  not  depend  upon  the  time  of  day,  inde- 
pendently of  the  digestive  process,  he  made  a  comparison  at 
12  M.,  at  1  and  at  2  p.  m.,  without  taking  food,  which  showed 
no  notable  variation,  either  in  the  pulse,  number  of  respira- 
tions, volume  of  expired  air,  or  quantity  of  carbonic  acid 
exhaled/ 

It  is  unnecessary  to  cite  other  observations  on  this  point, 
unless  we  mention  those  of  Prout  and  Coathupe,  which 
seemed  to  show  a  diminution  in  the  exhalation  of  carbonic 
acid  during  digestion.  Dr.  John  Reid,  in  the  OyclopcBdia 
of  Anatomy  and  Physiology^  points  out  the  source  of  error 
in  these  observations.*  Prout  did  not  estimate  the  actual 
quantity  of  gas  exhaled,  but  only  its  proportion  in  the  ex- 
pired air ;  and  it  has  been  demonstrated  that  in  digestion  the 
volimie  of  the  expirations  is  notably  increased.  Coathupe, 
in  the  observations  on  his  own  person,  took  a  pint  of  wine 
with  his  dinner.  As  it  has  been  shown  by  experiment  that 
alcohol  has  the  effect  of  rapidly  reducing  the  exhalation  of 
carbonic  acid,  this  observation  does  not  represent  the  simple 
influence  of  digestion. 

There  can  be  no  doubt,  then,  that  the  exhalation  of  car- 
bonic acid  is  notably  increased  during  the  functional  activity 
of  the  digestive  system. 

The  effect  of  inanition  is  to  gradually  diminish  the  exha- 
lation of  carbonic  acid.  This  fact  was  long  since  demon- 
strated by  Spallanzani  on  caterpillars,  and  Marchand  on 
frogs;  but  observations  on  the  warm-blooded  animals  are 
more  applicable  to  the  human  subject.  Bidder  and  Schmidt 
noted  the  daily  production  of  carbonic  acid  in  a  cat  which 
was  subjected  to  eighteen  days  of  inanition,  at  the  end  of 
which  time  it  died.  The  quantity  diminished  gradually  from 
day  to  day,  until  just  before  death  it  was  reduced  a  httle 
more  than  one-half.     Dr.  Smith*  noted  in  his  own  person 

*  Cffclapmlia  of  Anatomy  and  Fhysiolofft/y  vol  iv.,  part  i.,  pp.  840,  347. 
^  Ibid.,  article  Reiplration, 

*  Op.  ciL,  p.  696. 
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the  influence  of  a  fast  of  twenty-seven  hours.  There  was  a 
marked  diminution  in  the  quantity  of  air  respired,  in  the 
quantity  of  vapor  exhaled,  in  tlie  number  of  respirations,  and 
in  the  rapidity  of  the  pulse.  The  exhalation  of  carbonic  acid. 
was  diminished  one-fourth.  An  interesting  point  in  this 
observation  was  the  fact  that  the  quantity  was  as  small  four 
and  a  half  hours  after  eating,  as  at  the  end  of  the  twenty- 
seven  hours.  "  An  increase  of  carbonic  acid  in  the  absence 
of  food,  at  or  near  the  period  when  it  is  usually  increased  by 
food,"  was  also  noted  in  the  experiment  of  Dr.  Smith. 

Influence  of  Diet. — ^Regnault  and  Eeiset,  in  their  expcri- 
m^its  on  animals,  studied  the  effect  of  different  kinds  of  diet 
upon  the  relations  of  the  quantity  of  oxygen  absorbed  to  the 
carbonic  acid  exhaled.  About  the  only  conclusive  and  ex- 
tended series  of  investigations  on  the  influence  of  diet  upon 
the  absolute  quantity  of  carbonic  acid  exhaled  are  those 
of  Dr.  Smith.  This  observer  made  a  large  number  of 
experiments  on  the  influence  of  various  kinds  of  food,  and 
extended  his  inquiries  into  the  influence  of  certain  beverages, 
such  as  tea,  coffee,  cocoa,  malt  and  fermented  liquors.*  We 
have  already  fully  described  the  method  employed  in  these 
experiments,  and  the  conclusions,  which  are  of  great  interest 
and  importance,  are  very  exact  and  reliable. 

Dr.  Smith  divides  food  into  two  classes,  one  which  in- 
creases  the  exhalation  of  carbonic  acid,  which  he  calls  respi- 
raUnry  excitants^  and  the  other,  which  diminishes  the  exhala- 
tion, which  he  calls  non-exciters. 

The  following  are  the  results  of  a  large  number  of  care- 
folly  conducted  observations  upon  four  persons : 

"  The  excito-respiratory  are  nitrogeneous  food,  milk  and 
its  components,  sugars,  rum,  beer,  stout,  the  cereals,  and 
potato. 

"  The  non-exciters  are  starch,  fat,  certain  alcoholic  com- 

*  On  the  Action  of  Foods  on  the  Respiration  during  the  Pnmary  Proceeses  of 
JHgeetion.  Philosophical  Transactiotis,  1869,  p.  716 
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pomicb)  the  Tolatile  elanents  of  wines  and  spirita^  and  ooffide 
leayes.  .       . 

^^BeBpiratoxy  excitants  have  a  tenqiolaiy  action;  bnt  the 
aetion  of  most  of  them  commenoeB  yetj  qnicMj^  and  attains 
its  maximum  within  one  hfmr.  ^MH 

" The  most  powerful  re&piratory  escitaSSfl 


1 


fire  tSi  ana 
sugar;  then  coffee,  ram,  milk^  eocoiij  ales,  and  cbicorj ;  thca 
casein  and  glnten,  and  kst1j,  gelatin  and  nlbamen.  The 
amount  of  iaotion  was  not  in  ntiitbnn  proportion  tA>  tlieir 
qnantitj.  Oompomid  ailments,  as  the  ceix*alB,  contaiiHoe: 
several  of  these  snbstanees^  have  an  action  greater  than  tKat 
ci  any  of  their  elements. 

^Most  respiratory  excitants,  m  tea,  coffee,  gluten,  and 
caseini,  canse  an  increase  in  the  evolution  of  carbon  greater 
than  flie  qnantitj  whidi  they  snppl j,  M^Mlst  others,  as  sugar, 
snpply  more  than  they  evolve  in  this  excess,  tliat  is,  alxjve^^ 
the  basis.    No  substance  contaiiitug  a  large  amount  of 
bon  evolTee  more  than  a  small  portion  of  that  carbon  In  th' 
temporary  action  occurring  above  the  basis  line,  and  heiica==s^ 

a  large  portion  remains  nnaec^omited  for  by  tlieso  experj- 

ments." 

The  comparative  observations  of  Dr.  Smith  upon  the  fom  — ^ 

persons  who  were  the  subjects  of  experiment  demonstrated^^i 

one  very  important  fact :  namely,  that  the  action  of  differentc^^ 

.  kinds  of  food  upon  respiration  is  modified  by  idiosyncrasies,  .^r^ 

and  the  tastes  of  different  individuals.     For  example,  in  ex '^' 

periments  on  liis  own  person,  certain  articles  which  were^^*^ 
agreeable  to  him  excited  the  exhalation  of  carbonic  acid;  but  ^^-*^ 
in  experimenting  with  the  same  articles  upon  Mr.  Choul,  to  ^:^^^ 
whom  they  were  distasteful,  he  found  the  respiratory  action  ^M^^^ 
diminished. 

Quite  a  number  of  observers  have  noted  the  influence  of 
alcohol  upon  the  products  of  respiration ;  but  the  results  of 
experiments  have  not  been  entirely  uniform.  Prout  ob- 
served a  constant  diminutioji  in  the  quantity  of  carbonic  acid 
exhaled,  under  the  influence  of  alcohol.  This  has  been  confirm 
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ed  by  the  observations  of  Ilom,  Vierordt,  and  many  others ;  but 
Hervier  and  Saint-Lager  assert  that  the  use  of  alcohol  increases 
the  exhalation  of  carbonic  acid/  In  the  experiments  of  Prout, 
a  small  quantity  of  wine  taken  fasting  caused  the  proportion 
of  carbonic  acid  in  the  expired  air  to  fall  immediately  from 
4  to  3  parts  per  100.  During  the  four  hours  following,  it 
oscillated  between  3*40,  3*10,  and  3.  The  administration  of 
a  second  dose,  followed  by  some  symptoms  of  intoxication, 
diminished  the  proportion  to  2*70  per  100.  Dr.  Fyfe,  of 
Edinburgh,  showed  that  the  depressing  effects  of  an  alcoholic 
excess  were  continued  into  the  following  day.'  Dr.  Ham- 
mond, in  an  elaborate  and  excellent  paper  on  the  effects  of 
alcohol  and  tobacco  on  the  human  system,  observed  a  dimin- 
ished exhalation  of  carbonic  acid  following  the  ingestion  of 
twelve  drachms  of  alcohol  daily  for  five  days,  both  wlien  the 
system  was  kept  at  the  normal  standard  of  weight,  etc.,  by 
the  ingestion  of  the  habitual  quantity  of  food,  when  the 
weight  was  diminished  by  an  insufficient  diet,  and  when  the 
weight  was  increased  by  an  excessive  diet.* 

The  observations  of  Dr.  Smith,  which  were  all  made 
fasting,  show  a  certain  variation  in  the  effects  of  different  al- 
coholic beverages.    His  results  are  briefly  the  following : 

"Brandy,  whiskey,  and  gin,  and  particularly  the  latter, 
almost  always  lessened  the  respiratory  changes  recorded, 
whilst  rum  as  commonly  increased  them.  Hum  and  milk 
had  a  very  pronounced  and  persistent  action,  and  there  was 
no  effect  on  the  sensorium.  Ale  and  porter  always  increased 
them,  whilst  sherry  wine  lessened  the  quantity  of  air  in- 
spired, but  slightly  increased  the  carbonic  acid  evolved. 

'  Milms-Edwards,  Physiologie^  Paris,  1867,  tome  il,  p.  635. 

*  Ibid.  Prout  took  cognizance  only  of  the  proportion  of  carbonic  add  in  the 
expired  air,  and  not  of  the  absolute  quantity  exhaled  in  a  given  time. 

•  Wm.  a,  Hammond,  M.  D.,  21u  Phynological  Effects  of  Alcohol  and  Tobacco 
nqHm  the  Human  System,  Physiological  Memoirs^  Philadelphia,  1863.  In  this 
Tttlaable  paper  the  author  considers  the  general  influence  of  alcohol  and  tobacco 
on  natritioD,  as  indicated  by  the  production  of  urea,  carbonic  acid,  and  other  ex- 
cremeDtitious  principles,  and  the  variations  in  the  weight  of  the  body. 
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^ The  TcSbiale  eleiiirote  of  9i&A6l,f^nm;A6^ 
porls-wine,  nikn  ialialed,  iMWoted  tiie  fauMH^  Vt  cteAxmiam  jSfe 
add  esdiakd,  and  iisaalljleBietod  Itia  fiittftlit^^air  f&ha^^ 
Tfaeeflfoet  of  fine  oM  p(»t-wiii0imiip«i7d^^         noiaEJ- 
Ibm;  and  it  k  known  Oat  wints  and i^ti^- lai]^!0ve  uhb=ii 
avcma  and  become  weaker  iD/alboIiol  \ifkg^    3%^  e(gdtGiK=> 
rem^ratoxy  action  of  ram  is  pn|balklf4ioi  dw'fc  iiii  velatiW-^ 
elementB.'**  '>  "      .        '    "^ 

from  these  .&ctB^  it  wonld'  isem  4lMk  tii0>M6at  contttnnMwt 
eSKt  of  alcohol,  and  aleobiolie  hqpM^MAt  4il.1iliM 
qpiriti^  is  to  dinuiudi  i^ 

efleet  ia  almost  ingtmitaneous,  \rlien  the  articles  ara  take 
into  the  stomacb  fasting;  and  when  taken  with  the  me 
Hie  increaae  in  carbonic  acid  which  habitually  accompaiiie=s 
the  proceas  of  digestion  is  materially  lessened.  Knm,  wLier  Ji 
Dr.  Smith  fonnd  to  be  a  mBpiratory  excitant,  is  an  exception  ^ 
to  ihia  rale.  Halt  liqnoi-s  ^em  to  incrca^  the  exhalation  c^vf 
caiixmic  add  Witli  reganl  to  alcohol  itself,  Dr,  Stiiitr^'^ 
Bays :  "Hie  action  of  pnre  alcohol  was  much  more  to  increa^^s® 
than  to  lessen  the  respiratory  changes,  and  sometimes  tt::=»e 
former  effect  was  well  pronounced."  •  ^ 

Regarding  as  one  of  the  great  sonrces  of  carbonic  aci^i^ 
the  development  of  this  prindple  in  the  tissues,  whence  it         ^ 
taken  up  by  the  blood,  Dr.  Smith  attributes  the  grateM  an^^^ 
soothing  influence  of  tea,  coffee,  eau  sucree^  and  the  oth^^^ 
beverages  which  he  classes  as  respiratory  excitants,  to  therr'^^ 
action  in  facilitating  the  removal  of  this  principle  from  ^H^^^^^ 
system.     The  presence  of  carbonic  acid  in  the  tissues  an--^^ 
in  the  blood  produces  a  sense  of  malaise^  or  depressiorr^^^^ 
which  we  should  suppose  would  be  relieved  by  any  thin^^^® 
which  facilitates  its  elimination.    It  is  undoubtedly  this  vcC^ 
definite  sense  of  discomfort  which  induces  the  act  of  sighin^^^^ 
by  which  the  air  in  the  lungs  is  more  effectually  renovated^--^ 
This  view  is  sustained  by  the  fact  that  intellectual  fatigui^-^^ 
and  mental  emotions  diminish  the  exhalation  of  carbonic  acid^^^ 

*  Op.  cU,y  p.  731.  *  Locdt 
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Apjohn  cites  an  instance  in  which  the  proportion  of  carbonic 
add  in  the  expirations  was  reduced  to  2*9  parts  per  100  nnder 
the  influence  of  mental  depression.* 

Dr.  Hammond  could  not  determine  any  modification  in  the 
exhalation  of  carbonic  acid  under  the  influence  of  tobacco.' 

Influence  of  Sleep. — ^AU  who  have  directed  attention  to 
the  influence  of  sleep  upon  the  respiratory  products  have 
noted  a  marked  diminution  in  the  exhalation  of  carbonic 
add ;  but  we  again  recur  to  the  experiments  of  Dr.  Smith 
for  exact  information  on  this  point.  Dr.  Smith  estimated 
the  quantity  of  carbonic  acid  exhaled  during  six  hours  of 
sleep,  at  night,  at  4,126  cubic  inches.  According  to  this 
observer,  the  quantity  during  the  night  is  to  the  quantity 
during  the  day,  in  complete  repose,  as  10  is  to  18.  Dming 
a  light  sleep,  the  exlialation  was  10*32,  and  during  profound 
sleep,  9-52  cubic  inches  per  minute. 

We  have  alluded  to  the  great  diminution  in  the  quantity 
of  oxygen  consumed  in  hibernating  animals,  while  in  a  torpid 
condition.  Regnault  and  Eeiset  found  that  a  marmot  in 
hibernation  consumed  only  -^  of  the  oxygen  which  he  used 
in  his  active  condition.  In  the  same  animal  they  noted  an 
exhalation  of  carbonic  acid  equal  to  but  little  more  than  half 
the  weight  of  oxygen  absorbed ;  so  that  in  this  condition  the 
diminution  in  the  exhalation  of  carbonic  acid  is  proportion- 
ately even  greater  than  in  the  consumption  of  oxygen.* 

Influence  of  Muscular  Activity. — All  observers,  except 
Prout,*  agree  that  there  is  a  considerable  increase  in  the 


^  Milms-Edwabds,  Pkynologley  tome  il,  p.  635. 
■  Op,cU. 

*  RxGMAULT  and  Reiset,  Annales  de  Chimie  et  de  Physique^  8me  s^rie,  tome 
XiTL,  p.  446.  The  marmot  consumed  in  five  days  18,088  grammes  of  oxygen, 
and  exhaled  7,174  grammes  of  carbonic  acid. 

*  Prout  only  noted  the  proportion  of  carbonic  acid  in  the  expired  air;  and  as 
exerdae  has  the  efifect  of  immediately  and  largely  increasing  the  number  of  respi- 


ezhalation  ci  curbonieadd  during  and  inmiedifttely  follow- 
ing moBCDlar.  ezeraae.  In  inaed^  Mr.  Hewpofl  lias  fonnd 
tliat  a  greater  qnantily  is  somethneB  edialed  in  an  how  of 
violent  agitation,  Ijian  in  twenty-four  hours  of  rej^oae.  In  a 
dronOi  the  exhalation  in  twenly-fenr  boors  iras  0*80  of  a  cobic 
inch,  and  during  violent  museular  esertioii  the  eahalatim 
in  one  hour  was  0*84.'  Lavoutar  reoogniied.tiie  great  in- 
fluenoe  of  museular  aotivily  upon  tibe  req^iratoiy  idmgss. 
In  treating  c^  the eonsnmpti<m  of  ocrfgieni  we  havaquoled 
Ins  observations  on  the  relative  quantftiea  of  air  vitiated  in 
repose  and  activity. 

Yierordt,  in  a  number  of  observations  c^  the  human 
subjeoti  ascertained  that  moderate  exordse  increawd  the 
average  quantity  of  air  reqdred  per  minute  Igr  nearly  shieteen 
cubic  inches,  and  that  there  was  an  inertisse  of '1^197  coUo 
inches  per  minute  in  the  absolute  quantity  of  carbcH^  add 
exhaled.* 

The  following  results  of  the  eq^riineiilB  ^  Dr.  Edwud 
Snuth  on  this  subject  are  very  definite  and  sal&&ctocy : 

lu  walking  at  the  rate  of  two  mUes  an  hour,  the  exhala- 
tion of  carbonic  acid  during  one  hour  was  equal  to  the  quan- 
tity produced  during  1|  hour  of  repofie,  with  food,  and  2^ 
hours  of  repose,  without  food. 

Walking  at  the  rate  of  three  miles  per  hour,  one  hour 
was  equal  to  2f  hours  with,  and  Si  hours  without  food. 

One  hour's  labor  at  the  tread-wheel,  while  actually  work- 
ing the  wheel,  was  equal  to  4^  hours  of  rest  with  food,  and  6 
hours  without  food.* 

The  various  observers  we  have  dted  have  remarked  that 


ratory  movements  and  the  quantitf  of  air  passhig  through  the  lungs,  and  as  we 
haye  seen  the  quantity  of  carbonic  acid  in  the  eipired  air  is  increased  in  propor- 
tion to  the  length  of  time  that  the  air  remains  In  the  longs,  we  can  easily  see  the 
source  of  error  in  his  obsenrations. 

'  Milks-Edwards,  Phytioloffiey  tome  IL,  p.  530. 

*  CyciopmHa  of  Anatomy  andFhydohgy^  vol  It.,  part  L,  p.  848. 

•  (3^9.  cit,  p.  718. 
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when  muscular  exertion  is  carried  so  far  as  to  prodi^ce  great 
fittigne  and  exhanstion,  the  exhalation  of  carbonic  acid  is 
notably  diminished. 

Injlnience  of  Moisture  and  TemperaUire. — ^Lehmann  has 
shown  that  the  exhalation  of  carbonic  acid  is  much  greater 
in  a  moist  than  in  a  dry  atmosphere.'  This  conclusion  was 
the  result  of  a  number  of  experiments  on  birds  and  animals 
confined  in  air  at  different  temperatures  and  different  degrees 
of  moisture.  He  found  that  35^  oz.  av.  weight  of  rabbits,  at 
a  temperature  of  about  100®  Fahr.,  exhaled  during  an  hour 
before  noon,  in  a  dry  air,  about  15  cubic  inches  of  carbonic 
add ;  while  in  a  moist  air,  at  the  same  temperature,  the  ex- 
halation was  about  22  cubic  inches. 

Disr^arding  observations  on  the  influence  of  temperature 
in  cold-blooded  animals,  as  inapplicable  to  the  human  sub- 
ject, it  has  been  ascertained  that  the  exhalation  of  carbonic 
add  is  much  greater  at  low  than  at  high  temperatures,  within 
the  limits  of  heat  and  cold  that  are  easily  borne  by  the  human 
subject ;  thus  following  the  rule  which  governs  the  consump- 
tion of  oxygen.  Crawford,  in  his  experiments  on  animal  heat, 
was  the  first  to  call  attention  to  tliis  fact.'  Since  then  it 
has  been  confirmed  by  numerous  observations  on  animals. 

The  experiments  of  Vierordt  on  the  human  subject  show 
that  there  is  an  increase  in  the  exhalation  of  carbonic  acid  of 
about  one^ixth,  under  the  influence  of  a  moderate  diminution 
in  temperature.  In  these  observations,  the  low  temperatures 
ranged  between  37*5°  and  59°,  and  the  high  temperatures  be- 
tween 60'5°  and  75*5°  Fahr.  He  found  the  quantity  of  air 
taken  into  the  lungs  slightly  increased  at  low  temperatures. 
The  absolute  quantity  of  carbonic  acid  exhaled  per  minute 
was  18'27  cubic  inches  for  the  low  temperatures,  and  15*73 
cubic  inches  for  the  high  temperatures.' 

*  Lkhmaitn,  Physiological  Chemistry^  Philadelphia,  1866,  vol  il,  p.  444. 
'  Milnk-Edwards,  op,  ciL,  p.  648. 
»  mi,  p.  661. 
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Influence  of  the  Season  of  the  Year, — ^It  has  been  pretty 
well  established  by  the  researches  of  Dr.  Smith,  that  spring 
is  the  season  of  the  greatest,  and  fall  the  season  of  the  least 
activity  of  the  respiratory  function. 

The  months  of  maximum  are :  January,  February,  March, 
and  April. 

The  months  of  minimum  are :  July,  August,  and  a  part 
of  September. 

The  months  of  decrease  are :  June  and  July. 

The  months  of  increase  are:  October,  November,  and 
December.* 

W.  F.  Edwards,  in  1819,  showed  in  a  marked  manner 
this  influence  of  the  seasons  upon  the  respiratory  phenomena 
in  birds.  In  a  series  of  very  curious  observations,  which  he 
repeatedly  verified,  it  was  demonstrated  that  the  increase  in 
the  activity  of  respiration  during  the  w^inter  was  to  a  certain 
extent  independent  of  the  immediate  influence  of  the  sur- 
rounding temperature.  In  the  month  of  January  he  confined 
six  yellow-hammers  in  a  receiver  containing  71*4  cubic  inches 
of  air,  carrying  the  temperature  to  from  69°  to  70°  Falir. 
The  mean  duration  of  their  life  was  62  minutes  25  seconds. 
In  the  mouths  of  August  and  September  he  repeated  the  ex- 
periment on  thirteen  birds  of  the  same  species,  at  the  same 
temperature.     The  mean  duration  of  life  was  82  minutes.' 

These  experiments  have  an  important  bearing  on  our 
views  concerning  the  essential  nature  of  the  respiratory  func- 
tion. They  seem  to  indicate  that  the  respiratory  processes 
are  intimately  connected  with  nutrition.  Like  the  other  nu- 
tritive phenomena,  they  undoubtedly  vary  at  different  sea- 
sons of  the  year,  and  are  to  a  certain  extent  independent  of 
sudden  and  transitory  conditions.  During  the  winter,  more 
air  is  habitually  used  than  in  summer,  and  the  respiratory 

^  Rhume  de  Reclierches  Experimentalea  sur  la  Respiration,  Journal  de  la 
Physiologic^  1860,  tome  iii.,  p.  519. 

"  W.  F.  Edwards,  De  CInJiuence  des  Agens  Physiques  sur  la  Vie^  Paris,  1824, 
p.  200. 
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processes  cannot  be  immediately  brought  down  to  the  sum- 
mer standard  by  a  mere  elevation  of  temperature. 

Observations  on  the  influence  of  barometric  pressure  are 
not  sufliciently  definite  in  their  results  to  warrant  any  exact 
conclusions. 

Some  physiologists  have  attempted  to  fix  certain  hours  of 
the  day  when  the  exhalation  of  carbonic  acid  is  at  its  maxi- 
mum, or  at  its  minimum ;  but  the  respiratory  activity  is  in- 
fluenced by  such  a  variety  of  conditions,  that  it  is  impossible 
to  do  this  with  any  degree  of  accuracy. 

Melations  ietween  the  QuarUity  of  Oxygen  consumed  and  the 
Qtuintity  of  Carbonic  Add  exhaled. 

Oxygen  unites  with  carbon  in  certain  proportions,  to  form 
carbonic  acid  gas,  the  volume  of  which  is  precisely  equal  to 
the  volume  of  the  oxygen  which  enters  into  its  composition. 
Li  studying  the  relations  of  the  volumes  of  these  gases  in 
respiration,  we  have  a  guide  iu  the  comparison  of  the  volumes 
of  the  inspired  and  expired  air.  It  is  now  generally  recog- 
nized that  the  volume  of  air  expired  is  less,  at  an  equal  tem- 
perature, than  the  volume  of  air  inspired.  Assuming,  then, 
that  the  changes  in  the  expired  air,  as  regards  nitrogen,  and 
all  gases  except  oxygen  or  carbonic  acid,  are  insignificant,  it 
must  be  admitted  that  a  certain  quantity  of  the  oxygen  con- 
sumed by  the  economy  is  unaccounted  for  by  the  oxygen 
which  enters  into  the  composition  of  the  carbonic  acid  ex- 
haled. We  have  already  noted  that  from  tjV  ^^  -bV?  ^^  about 
1*4  to  2  per  cent,  of  the  inspired  air  is  lost  in  the  lungs ; '  or 
it  may  be  stated,  in  general  terms,  that  the  oxygen  absorbed 
is  equal  to  about  five  per  cent,  of  the  volume  of  air  inspired, 
and  the  carbonic  acid  exhaled  only  about  four  per  cent.  A 
certain  amount  of  the  deficiency  in  volume  of  the  expired  air 
is  then  to  be  accounted  for  by  a  deficiency  in  the  exhalation 
of  carbonic  acid. 

*  Vide  page  405. 
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Tlie  experiments  of  Eegnanlt  and  Rei^tj  to  T^liicli  fre- 
quent reference  has  lieeii  maJej  Lave  a  most  important  bear- 
ing on  the  question  under  consideration.  Ae  these  observers 
i^-ere  able  to  carefully  measure  the  entire  quantities^  of  oxygen 
consumed  and  carbouic  acid  produced  in  a  given  time,  the 
relation  between  the  two  gasea  was  kept  constantly  in  tjcw. 
Thej  found  great  variations  in  this  I'elation,  mainly  dependent 
upon  the  regimen  of  the  aniuiaL  The  total  loss  of  ojEygen 
was  found  to  be  moeh  greater  in  camivonjBS  than  in  herbiv- 
orous amm  ale;  and  in  animals  that  could  be  Bubjccted  to  a 
mixed  diet,  by  regulating  the  food,  tbiB  was  made  to  vary  be- 
tween the  two  extremes.  The  mean  of  geven  experiments  on 
dogs  showed  that  for  e\'ery  1,000  parts  of  oxygen  consumed, 
745  parts  were  exhaled  in  the  form  of  carbonic  acid.  In  six 
exjierlnientfl  on  rabbits,  the  mean  was  019  for  every  1,000 
parts  of  oxygen/ 

In  Huimals  fed  on  grains,  the  proportion  of  carbonic  add 
exhaled  was  greatest,  sometimes  pa&sing  a  little  beyond  the 
volume  of  oxygen  eouBUmeib 

"  The  relation  is  nearly  constant  for  animals  of  the  same 
species  \vhieh  arc  subjected  to  a  pei'fectly  uniform  alimenta- 
tion, as  is  easy  to  realize  as  regards  dogs ;  but  it  vaiies  not- 
ably in  animuk  of  the  same  species,  and  in  the  same  animal, 
eubmitted  to  the  same  regimen,  but  in  which  we  cajinot  reg- 
ulate the  alimentation,  as  in  fowls."* 

When  herbivorous  animals  were  entii'ely  deprived  of  food, 
the  relation  between  the  gases  was  the  same  as  in  camivorouji 
animals. 

Tlie  final  result  of  the  experiments  of  Rcgnault  and 
Reiset  was,  that  the  ^^  relation  between  the  oxygen  contained 
in  the  carbonic  acid  and  the  total  oxygen  conBUmed,  varies^ 
in  the  same  animal,  from  0-62  to  I'Oi^  according  to  the  regi- 
men to  which  he  is  subjected,-* 

^  R£u.V4ttLT  and  KKtaiTTr  Becfiertkei  Chimiquet  iur  ki  J^ptro/iOft.  AtmslM 
ds  VhimU  et  dt  Ph^que^  dme  edrie,  ldm«  ixri. 
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These  observations  on  animals  have  been  confirmed  in 
the  human  subject  by  M.  Doyere,  who  found  a  great  varia- 
tion in  the  relations  of  the  two  gases  in  respiration ;  the  vol- 
ume of  carbonic  acid  exhaled  varying  between  1*087  and 
0*862  for  1  part  of  oxygen  consumed/ 

The  destination  of  the  oxygen  which  is  not  represented 
in  the  carbonic  acid  exhaled  is  obscure.  Some  have  thought 
that  it  unites  with  hydrogen  to  form  water;  but  there 
is  not  BuflScient  evidence  of  the  formation  of  water  in  the 
economy,  for  researches  have  failed  to  show  that  there  is 
more  thrown  off  from  the  body  than  is  taken  in  with  food 
and  drink. 

The  variations  in  the  relative  volumes  of  oxygen  con- 
sumed and  carbonic  acid  produced  in  respiration  are  not 
favorable  to  the  hypothesis  that  the  carbonic  acid  is  the  re- 
sult of  a  direct  action  of  oxygen  upon  carbonaceous  matters. 
We  should  hardly  eicpect  a  definite  relation  to  exist  between 
these  two  gases  in  respiration,  when  we  find  carbonic  acid 
exhaled  in  the  absence  of  oxygen,  as  lias  been  shown  by  the 
experiments  of  W.  F.  Edwards  and  Geo.  Liebig. 

Sources  of  Carbonic  Acid  in  the  Exfpired  Air, — All  the 
carbonic  acid  in  the  expired  air  comes  from  the  venous  blood, 
where  it  exists  in  two  forms :  in  a  free  state  in  simple  solution, 
or  at  least  in  a  state  of  Very  feeble  combination,  and  in  union 
with  bases,  forming  the  carbonates  and  bicarbonates.  That 
which  exists  in  solution  in  the  blood  is  simply  displaced  by 
the  oxygen  of  the  air  and  exhaled.  The  alkaline  carbonates 
and  bicarbonates  of  the  blood,  coming  to  the  lungs,  meet 
with  pneumic  acid  (discovered  by  Yerdeil  in  1851),  and  are 
decomposed,  giving  rise  to  a  further  evolution  of  gas.  It  is 
pneumic  acid  which  gives  the  constant  acid  reaction  to  the 
tissue  of  the  lungs.  This  principle  is  found  in  the  pulmo- 
nary parenchyma  at  all  periods  of  life,  from  which  it  may 
be  extracted  by  the  proper  manipulations,  and  obtained 

*  Milne-Edwards,  Fhynoloffie,  tome  ii.,  p.  694. 
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in  a  crystalline  form.  Its  quantity  is  not  very  great.  The 
lungs  of  a  female  who  suffered  death  by  decapitation  con- 
tained about  0*77  of  a  grain.* 

The  action  of  pneumic  acid  upon  the  bicarbonatee  in  the 
blood  is  exemplified  in  a  marked  manner  by  certain  experi- 
ments of  Bernard.  When  bicarbonate  of  soda  is  injected 
into  the  jugular  of  a  living  animal,  a  rabbit,  for  example,  it 
is  decomposed  as  fast  as  it  gets  to  the  lungs,  and  carbonic 
acid  is  evolved.  This  experiment  produces  no  inconvenience 
to  the  animal  when  the  bicarbonate  is  introduced  slowly ;  but 
when  it  is  injected  in  too  great  quantity,  the  evolution 
of  gas  in  the  lungs  is  so  great  as  to  fill  the  pulmonary  struc- 
ture and  even  the  heart  and  great  vessels,  and  death  is  the 
result.' 

Exhalation  of  Watery  Vapor. — The  fact  that  the  expired 
air  contains  a  considerable  quantity  of  watery  vapor  has  long 
been  recognized ;  and  most  of  the  earlier  experimenters  who 
directed  their  attention  to  the  phenomena  of  respiration 
made  the  estimation  of  the  quantity  exlialed,  and  the  laws 
which  regulate  pulmonary  transpiration,  the  subject  of  in- 
vestigation. It  is  evident  that  there  must  be  many  cir- 
cumstances materially  influencing  this  process,  such  as  the 
hygrometric  condition  of  the  atmosphere,  temperature,  ex- 
tent of  respiratory  surface,  etc.,  which  are  of  sufiicient  impor- 
tance to  demand  special  consideration.  In  many  points  of 
view,  also,  it  is  interesting  to  know  the  absolute  quantity  of 
exhalation  from  the  lungs. 

*  Robin  and  Verdeil,  Chimie  Anatomigue  et  Phytiologiqtie^Vetns^  1863,  tome 
ii.,  p.  460. 

'  Op.  cit.y  tome  i.,  p.  165.  These  experiments  referred  to  the  decomposition  of 
cyanide  of  potassium  in  the  lungs,  as  well  as  bicarbonate  of  soda.  They  were 
published  in  the  Archives  Generales  in  1848,  before  the  discovery  of  pneumic 
acid,  and  Bernard  expressed  surprise  that  the  two  substances  experimented  upon, 
which  required  an  acid  for  their  decomposition,  should  be  decomposed  in  an  al- 
kaline fluid  lii^c  the  blood.  Though  made  without  a  knowledge  of  the  existence 
of  pneumic  acid,  the  observations  none  the  less  illustrated  its  physiological 
action. 
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When  the  surroundrng  atmosphere  has  a  temperature  below 
40**  or  43**  Fahr.,  a  distinct  cloud  is  produced  by  the  condensa^ 
tion  of  the  vapor  of  the  breath.  By  breathing  upon  any 
polished  surface,  it  is  momentarily  tarnished  by  the  condensed 
moisture.  Though  the  fact  that  watery  vapor  is  contained  in 
the  breath  is  thus  easily  demonstrated,  the  estimation  of  its 
absolute  quantity  presents  difficulties  which  were  not  overcome 
by  the  older  physiologists.  Hales  collected  the  vapor  of  the 
breath  by  expiring  through  wood  ashes,*  which  was  the  first 
attempt  to  estimate  the  amount  of  this  exhalation  by  absorp- 
tion. With  the  present  improved  methods  of  analysis  there 
are  many  very  accurate  means  of  estimating  watery  vapor. 
One  method  is  by  the  use  of  Liebig's  bulbs  filled  with  sul- 
phuric acid,  or  tubes  filled  with  chloride  of  calcium,  both  of 
which  articles  have  a  great  avidity  for  water.  From  a  large 
number  of  observations  on  his  own  person  and  eight  others, 
collecting  the  water  by  sulphuric  acid,  Valentin  makes  the 
following  estimate  of  the  weight  of  water  exhaled  from  the 
lungs  in  twenty-four  hours : 

In  his  own  person,  the  exhalation  in  24  hours  was  6,055 
grains. 

In  a  young  man  of  small  size,  the  quantity  was  5,042 
grains. 

In  a  student  rather  above  the  ordinary  height,  the  quan- 
tity was  11,930  grains. 

The  mean  of  his  observations  gave  a  daily  exhalation  of 
8,833  grains,  or  about  1|  lb.  av." 

'  Hales,  Statical  Euaya^  London,  1739,  vol.  il,  p.  826.  Sanctorius,  in 
1614,  waa  the  first  (Miln£-£dwards,  Physiologie^  vol.  ii.,  p.  602)  to  attempt  the 
estimation  of  the  exhalation  of  vapor  of  water  from  the  body  by  comparing  the 
gain  in  weight  due  to  the  ingestion  of  aliments  with  the  loss  by  transpiration. 
We  pass  over  the  estimates  of  Lavoisier  and  S^guin,  Eeill,  Abernethy,  and 
olhers,  and  give  only  the  more  exact  results  obtained  by  Valentin.  Dalton, 
eBtimating  the  quantity  of  air  passing  through  the  lungs  in  respiration,  and  as- 
suming that  it  passes  out  of  the  lungs  saturated  with  watery  vapor,  makes  an  es- 
timate of  the  total  exhalation  in  the  twenty-four  hours,  which  corresponds  pretty 
doedy  with  the  results  obtained  by  Valentin. 

*  Milns-Edwaeos,  op.  eU.y  p.  621. 
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The  extent  of  respiratory  eurfaee  has  a  very  marked  in- 
flnence  on  the  qiiaotity  of  watery  vapor  exhaled.  This  fact 
is  Tei*y  well  shown  by  a  comparison  of  the  exbalation  in  the 
adnlt  and  in  old  age^  when  the  extent  of  respiratory  surface 
is  mnch  dindnished,  Barral  found  the  exbalation  in  an  old  ' 
nmn  less  than  half  that  of  the  adult/ 

It  iB  evident  that  the  absolute  quantity  of  vapor  exhaled 
is  increased  when  respiration  h  accelemted. 

The  quantity  of  water  in  the  blood  also  exerta  an  imi>or- 
tant  influence.  Valentin  found  that  the  pulmonary  transpira- 
tion WQ5  more  than  doubled  in  a  man  immediately  alter  drink- 
ing a  large  quantity  of  water/ 

The  vapor  in  the  expired  air  is  derived  from  the  entim  ] 
surface  which  is  traversed  in  respiration^  and  not  exclusively ' 
from  the  air-cells.  The  air  which  passes  into  the  lungs  de- 
rives a  certain  amount  of  moisture  from  the  mouth,  nare%,  J 
and  trachea*  The  great  va^ularity  of  the  mucous  membranei.] 
in  these  eituations,  as  well  as  of  the  aif'<£ellg,  and  the  great] 
number  of  mucous  glands  which  they  contain,  serve  to  keepj 
tlie  reBpiratory  surfaces  continually  moist*  This  is  important,  I 
for  only  moist  merabranes  allow  the  free  paesage  of  gasee,  J 
which  is  of  course  essential  to  the  process  of  respiration, 

Esohfdation  of  Ammmiia. — The  most  recent  and  cKteuded 

observations  on  the  exhalation  of  ammonia  by  the  lungs,  are 
those  of  Dr,  Kichardson,  to  which  we  have  already  alluded 
in  treating  of  the  coagulation  of  the  blood.  In  more  than  ft  i 
thousand  experimentsj  made  upon  persons  of  l>oth  ^exes,  and 
on  various  of  tbe  inferior  animals,  with  but  one  exception,  a 
notable  quantity  of  ammonia  was  found  in  the  expired  ain 
Dr,  Kichardson  found  the  quantity  very  variable  at  different 
times  of  the  day.     At  certain  periods  it  is  absent. 


'  MilnE'Edwabus^  op.  tit^  p,  6 23 J  note. 

'  Ibtd,^  p.  GOT,  note.  It  hm  not  been  tbought  necesinry  to  dbcoM  the  bt 
flttCDoei  pt  diT  Au4  xamsx  atmoapbGi^f  b&rometTic  pressure  &iid  tcmperattm^ 
wMcb  are  purt'lj  pbjgloLl  in  their  character. 
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In  a  number  of  observations  made  oa  his  own  person,  the 
following  variations  were  noted :  * 

On  rising  in  the  morning,  after  a  sound  night's  rest,  the 
breath  contained  no  ammonia. 

In  the  evening,  when  fatigued  and  exhausted,  and  after 
exercise,  tlie  exlialation  was  generally  considerable. 

During  a  high  temperature  the  exhalation  is  considerable, 
especially  after  exercise ;  but  during  cold  weather  the  exha- 
lation is  very  slight,  or  it  may  be  absent  altogether. 

The  amount  of  ammonia  exhaled  is  greatest  at  the  end 
of  an  expiration.  If  short  and  rapid  expirations  ])e  made, 
the  exhalation  ceases  until  the  respirations  become  deeper 
and  more  prolonged. 

Ammonia  has  long  been  recognized  as  an  exlialation  from 
the  human  body  in  health,  from  the  skin  as  weD  as  the  lungs. 
Dr.  Richardson  calls  attention  in  his  essay  to  the  observa- 
tions of  Mr.  Eeade,  Dr.  Eeuling,  Yiale  and  Latini,  and 
others  on  this  subject.  Eeuling  has  shown  that  the  quantity 
of  ammonia  in  the  expired  air  is  increased  in  certain  diseases, 
particularly  in  uremia.'  Its  characters  in  the  expired  air 
are  frequently  so  marked,  that  patients  who  are  entirely 
unacquainted  with  the  pathology  of  uremia  sometimes 
recognize  an  ammoniacal  odor  in  their  own  breath. 

Exhalation  of  Organic  Matter ^  etc. — The  pulmonary  sur- 
face exhales  a  small  quantity  of  organic  matter.  Tliis  has 
never  been  collected  in  sufficient  quantity  to  enable  us  to 
recognize  in  it  any  peculiar  or  distinctive  properties,  bnt  its 
presence  may  be  demonstrated  by  the  fact  that  a  sponge 
completely  saturated  with  the  exhalations  from  the  lungs,  or 
the  vapor  from  the  lungs  condensed  in  a  glass  vessel,  will 
undergo  putrefaction,  a  property  distinctive  of  organic  sub- 
stances. 

It  is  well  known  that  certain  substances  which  are  only 

*  Th$  Cause  of  the  Coagulation  of  the  Bloody  London,  1857,  p.  3G0  et  seq. 

*  InLsmiANN's  Phytiological  Chcmwtri^  Philadelphia,  1866,  vol.  ii.,  p.  434. 
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occasionally  found  m  the  Llood  may  be  elimiaated  by  tke 
lungs.  i\Jcohol  is  ])avtty  removed  from  tbe  system  in  this 
way;  and  its  presence^  with  certain  odorous  prindplea,  in 
the  breath  is  pretty  constant  in  those  who  take  liquorB  ha- 
bitually in  considerable  quantity.  Tlie  odor  of  garlics,  onions^ 
tnrpentinej  and  many  other  principles  which  are  taken  into  ^ 
the  stomachy  may  be  recognized  in  the  expired  air.  The  ^ 
lungs  ai-e  among  the  important  organs  for  the  elimination  of 
foreign  matter  Irom  the  system. 

The  action  of  the  longs  in  the  elimination  of  certain  gaies, 
which  are  poisonous  in  very  small  quantities  when  they  are 
absorbed  in  the  lunga  and  carried  to  the  general  system  m 
the  arterial  blood,  is  very  well  shown  by  the  experiments  of 
Bernui-d.  Sulphuretted  hydrogen,  which  produces  death  in 
a  bird  when  it  exists  in  th©  atmosphere  in  the  proportion  of 
1  to  800j  may  be  taken  into  the  stomach  in  solution  with 
impunity,  and  eveu  be  injected  into  the  venous  system ;  in  ' 
botli  instances  being  eliminated  by  the  lungs  with  great 
promptness  and  rapidity,^  Nysten  showed  that  the  carbonic 
oxide,  one  of  the  most  violent  and  rapid  in  its  etfeets  of  any 
of  the  poisonous  ga^es  when  inhaled,  could  be  injected  mt<> 
the  vems  with  impnm'ty,  by  simply  taking  cam  to  iutrodnee 
it  only  as  rapidly  as  it  is  absorbed  by  the  blood/ 

Tlie  Inugs,  then^  while  they  present  an  immense  and  rap- 
idly absorbing  surface  for  volatile  poisonous  substanoes,  are  i 
capable  of  relieving  the  system  of  some  of  these  substanoei  j 
by  exhalation,  when  they  find  tlicir  way  into  the  veins. 


FtLrvSy  1 857,  p.  58.     In  im  eip^rimeut  on  n  dog:  of  medium  iAM/&,  iiyectuig  «  lilUc 
more  ttma  t  fluid  drachm  of  water  Batumted  with  sulphuretted  hrdro^eu  luki  the 
jugular  Tiim,  the  gas  was  det(%t«d  ahne^t  ii^t^iTitlj  in  the  eK^pircd  atr^  «md  the  ! 
mumal  suffered  710  incuuTenicnce  from  the  opeiitttj0D.     The  ga3  nppciLTCTl  In  the 
lir«ath  In  siJty-five  ssetxiufl^j  when  about  %n  ou^c?  of  the  solutiou  was  mjpctf?d 
into  tli(3  reetum.     We  bave  rppcatfidly  irurillL*d  the  eipcnmeiit  of  IkttuLrd  ahowiog  ■ 
ttie  almost  iustantaueoui  diminatioti  of  this  gHA  hj  the  Imiga,  when  lj\jectcd  into  j 
the  veiiijt. 

"  NrBT£N,  Jiecherehea  4e  i%tiW<^f  fic^  F«tii,  181 1^  p.  61  ti  mq^ 
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Eashalatian  of  Xitrogen. — ^The  latest  and  most  accurate 
direct  experiments,  particularly  those  of  Eegnanlt  and  Keiset, 
show  that  the  exlialation  of  a  small  quantity  of  nitrogen  is  a 
pretty  constant  respiratory  phenomenon.  Fi-om  a  large  num- 
ber of  experiments  on  dogs,  rabbits,  fowls,  and  birds,  these  ob- 
servers came  to  the  conclusion  that  when  animals  are  subject- 
ed to  their  habitual  regimen,  they  exhale  a  quantity  of  nitrogen 
equal  in  weight  to  from  yj^  to  ^  of  the  weight  of  oxygen 
consumed.  In  birds,  during  inanition,  they  sometimes  observ- 
ed an  absorption  of  nitrogen,  but  this  was  rarely  seen  in  mam 
mals.'  Boussingault,  by  the  indirect  method,  estimating  the 
nitrogen  taken  into  the  body  and  comparing  it  with  tlie  en- 
tire quantity  discliarged,  arrived  at  the  same  results  in  ex- 
periments upon  a  cow.'  Barral,  by  the  same  method,  con- 
firmed these  observations  by  experiments  on  the  human 
subject.' 

In  spite  of  the  conflicting  testimony  of  the  older  physi- 
olc^ists,  there  can  now  be  no  doubt  that,  under  ordinary 
physiolc^cal  conditions,  there  is  an  exhalation  by  the  lungs 
of  a  small  quantity  of  nitrogen. 

'  RnuiAULT  and  Ruset,  op.  cii^  Annalm  de  Chimie  et  de  JPhynque,  3me 
Une^  tome  xxtL,  pp.  610,  511. 

*  BouflBuroAULT,  Memoira  de  Chimie  AffrieoU  et  de  Phjftiologie^  Ptris,  1854, 
pp.  1-24. 

*  LomzR,  PhftMogie^  Paris,  1861,  tome  i.,  p.  543. 
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CHANGES   OF  THE  BLOOD  IN  BESPIKATION.      {HemotOSls) 

Difference  in  color  between  arterial  and  venous  blood — Comparison  of  the  gases 
in  venous  and  arterial  blood — Observations  of  Magnus — ^Analysis  of  the  blood 
for  gases — Relative  quantities  of  oxygen  and  carbonic  acid  in  venous  and  a^ 
terial  blood — Nitrogen  of  the  blood— ^^ndition  of  the  gases  in  the  blood- 
Mechanism  of  the  interchange  of  gases  between  the  blood  and  the  ur  in  the 
lungs — General  differences  in  the  composition  of  arterial  and  venous  blood. 

It  is  to  be  expected  that  the  blood,  receiving  on  the  one 
hand  all  the  products  of  digestion,  and  on  the  other  the 
products  of  destructive  assimilation  or  decay  of  the  tissues, 
connected  with  the  lymphatic  system,  and  exposed  to  the 
action  of  the  air  in  the  lungs,  should  present  important  dif- 
ferences in  composition  in  different  parts  of  the  vascular 
system. 

In  the  first  place,  there  is  a  marked  difference  in  color, 
composition,  and  ])roperties,  between  the  blood  in  the  arte- 
ries and  in  the  veins;  the  change  from  venous  to  arterial 
blood  being  effected  almost  instantaneously  in  its  passage 
through  the  lungs.  The  blood  which  goes  to  the  lungs  is  a 
mixture  of  the  fluid  collected  from  all  parts  of  the  body; 
and  we  have  seen  that  it  presents  great  differences  in  its 
composition  in  different  parts  of  the  venous  system.  In 
some  veins  it  is  almost  black,  and  in  some  nearly  as  red  as  in 
the  arteries.  In  the  hepatic  vein  it  contains  sugar,  and  its 
fibrin,  albumen,  and  corpuscles  are  diminished ;  in  the  portal 
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vein,  during  digestion,  it  contains  materials  absorbed  from 
the  alimentary  canal ;  and  finally,  there  is  every  reason  to 
suppose  that  parts  which  require  different  materials  for  their 
nutrition,  and  produce  different  excrementitious  principles, 
exert  different  influences  on  the  constitution  of  the  blood 
which  passes. through  them.     After  this  nuxture  of  different 
kinds  of  blood  has  been  collected  in  the  right  side  of  the 
heart  and  passed  through  the  lungs,  it  is  returned  to  the  left 
side,  and  sent  to  the  system,  thoroughly  changed  and  reno- 
vated, and,  as  arterial  blood,  has  a  uniform  composition,  as 
fkr  as  can  be  ascertained,  in  all  parts  of  the  system.     This 
fact  has  been  proven  by  the  direct  experiments  of  Beclard, 
who  analyzed  blood  from  the  abdominal  aorta,  the  carotid, 
temporal,  occipital,  crural,  and  epigastric  arteries,  in  the 
same  animal  during  life,  and  found  the  composition  identical 
in  air  the  specimens.    His  experiments  were  performed  on 
horses  and  dogs,  and  care  was  taken  to  draw  but  a. small 
quantity  from  each  vessel,  so  as  not  to  change  the  constitu- 
tion of  the  fluid.*     The  change,  therefore,  wliich  the  blood 
undergoes  in  its  passage  through  the  lungs,  is  the  transfor- 
mation of  the  mixture  of  venous  blood  from  all  parts  of  the 
oi^anism  into  a  fluid  of  uniform  character,  which  is  capable 
of  nourishing  and  sustaining  the  ftmction  of  every  tissue  and 
organ  of  the  body. 

The  capital  phenomena  of  respiration,  as  regards  the  air 
in  the  lungs,  are  loss  of  oxygen  and  gain  of  carbonic  acid ; 
the  other  phenomena  being  accessory  and  comparatively  un- 
important. As  the  blood  is  capable  of  holding  gases  in  solu- 
tion, in  studying  the  essential  changes  which  this  fluid  un- 
dergoes in  respiration,  we  look  for  them  in  connection  with 
the  proportions  of  oxygen  and  carbonic  acid  before  and  after 
it  has  passed  through  the  lungs.  In  respiration,  the  most 
marked  effect  on  the  venous  blood  is  change  in  color. 

^  Arehive9  OerUralet  de  Medecine,  4me  s^rie,  tome  xviii.,  p.  123 ;  and  BibuRD, 
IfijfMoffie,  tome  ill,  p.  369. 
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Difer&n^e  m  Color  between  Arterial  and  Yeno-^m  Blood, 
— We  have  already  coni^iidered  tbis  in  treating  of  tho  proper- 
ties of  the  blood,  and  will  only  take  op  in  this  connection  the 
cause  of  tlie  remarkable  change  in  the  color  of  tJie  blood 
in  the  lungs.  This  change  ia  instantaneous^  and,  long  be* 
for©  the  difloovery  of  oxygen  by  Priestley,  was  recognked 
by  Lower,  Goodwyn,  and  others,  as  due  to  the  action  of 
the  air. 

Tho  celebrated  experiment  of  Bichat  showed  the  effect 
on  the  color  of  the  blood  in  the  arteries,  of  preventing  the 
access  of  fresh  air  to  the  lungs.  This  observer  adapted  a 
stop-eoek  to  the  trachea  of  a  dog,  by  which  he  could  regu- 
late the  entrance  of  air  into  the  lungSj  and  exposing  the  caro- 
tid artery,  adapted  a  suiall  one  to  this  vessei  When  he  pre- 
vented the  air  from  getting  to  the  lungs  by  closing  the 
8top-coek  in  the  trachea,  the  blood  became  black  in  the 
artery,  but  regained  its  florid  hue  when  air  was  readmitted 
to  the  lunge/ 

The  influence  of  air  in  clianging  the  color  of  venous  blood 
maybe  noted  in  blood  which  has  been  drawn  from  the  IkhW; 
as  is  exemplified  by  the  red  color  of  that  portion  of  a  elot^ 
or  the  surface  of  detibrinated  venous  bk»od,  which  is  exposed 
to  the  ain  If  we  cut  into  a  clot  of  venous  blood ,  the  interior 
is  almost  black,  but  becomes  red  on  eacposure  to  the  air  for  a 
very  few  seconds. 

We  have  been  in  the  habit  of  illnstrating  the  physiologi- 
cal influence  of  the  air  on  venous  blood  by  the  following 
simple  experiment:  Removing  the  lungs  of  an  animal  (a 
dog)  juBt  killed,  the  nozzle  of  a  syringe  is  secured  in  the  ptd- 
monary  artery  by  a  ligatm^e^  and  a  caniila,  connected  with  a 
rubber  tube  which  empties  into  a  glass  vessel,  is  secured  in 
the  pulmonary  vein.  Adapting  a  l>ellow8  to  the  trachea,  we 
imitate  the  process  of  respiration  \  and  if  defibrinated  venous 
blood  be  carefully  injected^th rough  the  lungs,  it  will  be  return- 

pat  F,  MAQAKPti,  Pons,  1S29,  p.  3S0. 
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by  the  pnlraonary  vein  with  tte  bright  reel  color  of  arterijd 
blood.  When  the  artificial  respiration  h  interruptedj  the 
bloud  pass^  through  the  lunf^a  without  change/  In  expos- 
ing the  thoracic  organs,  and  keeping  np  artificial  respiration^ 
rej>eating  the  celebrated  experiment  of  Itobert  Ilookej  made 
before  the  Koyal  Society  in  1664^  we  can  &ee  through  the 
ihiti  walls  of  tlie  anriclea  the  red  color  of  the  blood  on  the 
left  side  contrasting  with  the  dark  venone  blood  on  the  right* 

Since  the  discovery  of  oxygen,  it  has  been  ascertained 
that  this  is  the  only  constituent  of  the  air  which  is  capable 
of  arterialixing  the  blood.  Priestley  showed  that  venous 
blood  is  not  changed  in  color  by  nitrogen,  hydrogen,  or  car- 
bonic acid  ;  wlnle  all  these  gases,  by  displacing  oxygen^  will 
change  the  arterial  blood  from  red  to  black," 

The  elements  of  the  blood  which  absorb  tlie  greater  part 
of  the  oxygen  are  tlie  red  corpuscles.  While  the  plasma  wiE 
absorb,  perliap®,  twice  as  mnch  gas  as  pnre  water,  it  has  been 
shown  by  Magaus  and  Gay^Lussac  tliat  the  corpuscles  will 
absorb  trom  ten  to  thirt-een  times  as  muck'  By  sbme  the 
pn*portion  is  pmt  mnch  higher,  Tlie  red  eoq>usclcs  may  Ije 
eoneidered  as  the  respiratory  elements  of  the  blood.     It  is 

^  This  denaoDitratloQ  is  Terj  striking^  eapociallj  if  we  use  &  eyringc  with  a 
dcKjbki  nozTJe^  oni?  point  st^cnr^  in  the  polmonarjr  BLrt^ry^  and  the  other  slmplj 
cftjTifitig  the  blood  by  a  rubber  tube  into  a  gta^  T&sael*  Be<!eiviiig  Ihe  blood 
which  pnaiefi  thfou^h  the  lutijjs,  und  Ihjit  which  Bimpljr  p*fis«a  through  the  tube, 
into  two  ta.U  gliiffl  vessek^  the  on^  h  of  a  brigbt  red,  and  the  other  retain?  itM 
dark  color.  Iti  preparing  for  the  experiment  h  Is  neoefidurT,  inirticMilately  uAer 
ronoving  the  langs  Irom  the  antmal,  to  inject  ihem  whh  a  Tittle  defibrinatc^l  blood, 
10  a#  to  remote  the  coagulating  blood  from  the  pulmonary  ciipillarie^  which  would 
otherwise  became  obatrueted.  The  injeetion  should  be  made  gentiy  and  gradujally, 
t<i  aToid  ifxtrarasatlon.  Defibrlnateci  o^-blood  mnj  be  uded*  The  toost  coavesi-' 
lent  way  to  secure  the  eauulfi^  in  the  ve^ela  is  to  pu?h  tht!m  into  the  pulmonary 
artery  through  the  right  ventricle^  And  into  the  pulnjouary  vein  through  the  left 
aitfidc; 

*  Carbontc  oiide  and  nltrotts  oiide  have  a  stratig  afBiiity  for  the  btood-corpu^ 
dea,  and  become  filled  in  thern^  the  former  giving  the  blood  a  Tidd  red  color. 
Skifar  and  many  ialtn  will  also  redden  venous  blood.  Tbese  agenlai  however,  do 
not  impttft  the  physiological  properties  of  arterial  blood. 

'  EoMiM  and  VsimciL^  <ip^  Hi.^  tome  l^  p.  32. 
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tindonbtedlj  true  that  the  corpuscles,  deprived  of  their  natu- 
ral plasma,  are  not  changed  in  color  bj  being  exposed  to  tlie 
air,  or  even  to  pure  oxygen.  Dr<  Stevens^  after  removing 
the  serum  from  a  clot  by  repeatetl  washings  with  pure  water^ 
found  that  the  color  remained  black  when  exposed  to  tlie  air,* 
but  was  reddened  by  the  addition  of  its  sernmj  or  certain 
saline  solutions.  From  tliis  he  reasoned  that  the  red  color  of  J 
arterial  blood  is  due  to  the  sal  ma  constituents  of  the  pla&ma.' 
This  is  true ;  but  the  eallne  constituents  of  the  plasma  afiect 
the  color  indirectly,  by  maintaining  the  anatomical  integrity 
of  tlie  corpuscles.  If  blood  be  received  from  a  vein  into  pure 
water,  it  remains  almost  black,  however  long  it  may  be  ex- 
posed to  tlie  air,'  from  the  fact  that  the  corpuscles  are  de» . 
stroyed.  These  tacts  are  only  additional  evidence  of  the 
function  of  the  red  corpuscles  in  absorbing  oxygen  and  ea^ 
rying  it  to  the  tissues.  According  to  the  late  researches 
of  Fernet,  which  Iiave  been  confirmed  by  L.  Meyer,  the  vol- 
ume of  oxygen  fixed  by  tlie  corpueeles  h  about  twenty-five 
times  that  whic^  is  di&solved  in  the  plasma.' 


G&fnparisonoftfie  Gases  in  Ve^iaus  and  Art^ial  Mlood.— 

The  demonstration  of  tho  fact  that  free  oxygen  and  carbonic 
acid  exist  in  the  blood,  w'ith  a  knowledge  of  the  relative  pn>- 
portion  of  these  gases  in  tho  blood  before  and  after  its  pa&- ' 
fiiage  through  the  lungs,  is  a  point  hardly  second  in  importance 
to  tbe  relative  composition  of  the  air  before  and  atler  respi- 
ration^  The  idea  enunciated  by  Mayow  ab<nit  two  hundred 
yeara  ago,  that  "there  is  something  in  the  air,  absolutely 


miniea 


Bloody  London,  1833)  p- 352;  und  Fhitmopkicai  Trama^tioHi^  1B35, 

*  Milne-Ed WAiiD*^^  Phifsiofofne^  tome  L,  p*  475. 

'  LONOET^  TVaiti  de  Fh^oloffie^  Faria,  180 1^  tome  I*,  p.  6Uft*  Fvrnel 
grgtat  immbsr  of  oxpi'^Hm^nU  oa  ibc  iDfluence  of  thf^  various  ^hIia  contain^  in  Ihe 
feemm  on  tb©  absorbing  power  of  the?  hlcKjd  for  gasea.  Hid  obserratiotis  bad  pK- 
tlcukr  reftfrenuc  to  carl>€mvc  adii,  tbe  sobibiUty  of  whicb  mm  inflyencml  moat  by 
aallne  prindpIcB,  Tli£«c  expeciments  wera  coD^rmed  and  estcfided  hj  Lotbar 
Meynr  (Die  Gaxe  de^  Muiei). 
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necessary  to  life,  which  is  conveyed  into  the  blood j^^  *  excepting 
that  the  vivifying  principle  is  not  named  nor  its  otlier  prop- 
erties described,  expresses  what  we  now  consider  as  one  of 
the  two  great  principles  of  respiration.  This  is  even  more 
strictly  in  accordance  with  fact  than  the  idea  of  Lavoisier, 
who  supposed  that  all  the  chemical  processes  of  respiration 
took  place  in  the  lungs.  Mayow  also  described  the  evolution 
of  gas  from  blood  placed  in  a  vacuum.'  Many  observers 
have  since  succeeded  in  extracting  gases  from  the  blood  by 
various  processes.  Sir  Humphry  Da\y  induced  the  evolu- 
tion of  carbonic  acid  by  raising  arterial  blood  to  the  temper- 
ature of  200°  Fahr.,  and  venous  blood  to  a  temperature  of 
112°;'  Stevens,*  and  others,  disengaged  gas  by  displacement 
with  hydrogen,  nitrogen,  or  the  ordinary  atmosphere;  but 
in  spite  of  this,  before  the  experiments  of  Magnus  in  1837, 
many  denied  the  existence  in  the  blood  of  any  free  gas  what- 
soever.' 

Magnus  made  some  experiments  uix)n  the  human  blood, 
extracting  the  gases  by  displacement  with  hydrogen ;  but  the 
observations  which  are  most  generally  referred  to  by  phys- 
iologists were  made  upon  the  blood  of  horses  and  calves, 
extracting  the  gases  by  the  air-pump,  and  giving  the  com- 
parative quantities  existing  in  the  arterial  and  venous  blood. 
These  experiments  were  of  great  value  as  settling  the  ques- 
tion of  the  existence  of  gases  in  the  blood,  either  in  a  free 
state,  or  very  loosely  combined  with  some  of  its  organic  con- 
stituents ;  and  until  very  recently  they  have  been  universally 

'  See  page  411,  note. 

'  See  quotation  in  Milne-Edwards,  Phyaiologie^  tome  i.,  p.  438,  note. 

■  Sir  Humphry  Davy,  Works^  London,  1839,  vol.  i.,  pp.  TT-TO.  An  Ussay 
on  Lights  Heaty  and  the  Combination  of  LiglU^  with  a  new  Theory  of  Hetpiration, 

^Loccit. 

*  Gmclin,  Mitscherlich,  and  Tiedemann  denied  the  existence  of  any  free  gases 
in  the  blood.  At  one  time  Dr.  John  Davy  held  the  same  opinion,  though  he 
finally  recognized  his  error,  and  succeeded  in  extracting  gas  from  the  blood  by 
meaiiB  of  the  air-pump  {Researches^  Physiological  and  Anatomical^  London, 
1889,  vol  ii.,  p.  164). 
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received  by  physiologists,  as  representing  the  relative  propor- 
tions of  tho  gaees  ill  the  two  kinds  of  Lloodj  though  Ma^us 
states  in  his  paper  that  be  does  not  think  be  sneceeded  in 
extracting  all  t!ie  gas  the  blood  contained.'  It  is  a  question 
of  the  last  importance,  as  bearing  upon  our  comprehen- 
sion of  the  e^ential  processes  of  rt^i^piration,  to  be  able  to 
determine  the  i-elatire  proportion  of  oxygen  and  car>>onic 
acid  in  the  arterial  and  venoos  blood.  Until  rerj  recently, 
our  ideas  on  thia  subject  have  had  for  their  sc^le  experimental 
basis  the  observations  of  MagnUB,  and  in  discussing  the  aocur 
racy  of  the  modeji  of  analysts  of  the  blood  for  gaaes  we  need 
take  no  account  of  any  experiments  anterior  to  his* 


AnulysSMof  th  BUodfor  Gme». — Thei«  are  certain  grave 
sources  of  error  in  the  method  employed  by  Magtiiis,  which 
render  bis  obaervationa  of  little  value,  except  as  demonstrating 
that  oxygen,  carbonic  acid,  and  nitrogen  may  be  e^ctracted 
by  the  air-pump  from  both  arterial  and  venous  blood*  The 
only  source  of  error  in  the  results  which  he  ftdly  recognized 
lay  in  the  difficulty  in  extracting  the  entire  quantity  of  gas 
in  solution  \  but  a  careful  study  of  his  paper  shows  another 
element  of  inaccuracy  which  is  even  more  important.  The 
relative  quantities  of  oxygen  and  ciirbonic  acid  in  any  single 
B})€cimen  of  blood  present  great  variationSj  dependent  upon 
the  length  of  time  that  tho  blood  has  been  allowed  to  etand 
before  the  estimate  of  the  gases  is  made.  As  it  is  impossible 
to  make  this  estimate  immediately  after  tba  blood  is  drawn, 
on  account  of  the  fi^otb  produced  by  agitation  with  a  gas^ 
when  the  method  by  dbplacenient  is  employed/  and  the 
bubbling  of  the  gas  when  extracted  by  the  air-pump,  this 

^  rhe  ^d^nal  article  of  Ma^ita  U  i>ublieihed  in  the  Ann^m  dtw  Fh^MiJt  ttnd 
Chemit  of  Poggendorff^  ApHl^  1SST|  and  ia  tnmflttted  into  Fii^Gtitii  the  Amn.di 
Chiftiie  rf  d€  Fhtft,  af  tin*  ^atn«  ymr. 

•  When  a  gss^  such  as  hydrogen,  which  is  not  contaJii^  In  the  blood,  is  tbor^ 
might Y  miied  with  it  by  agrtntlon  in  n  dosed  resacl^  it  will  fM^nclnitc  th&  Ik^itid, 
and  dieplaep,  or  drive  off,  nil  the  free  gas  wb!oh  k  held  in  soJution.  This  b  calied 
the  method  of  urmly&U  by  displacemeiit* 
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objection  is  fatal.  It  is  necessary  to  wait  until  the  frotli 
has  subsided  before  attempting  to  make  an  accurate  estimate 
of  the  volume  of  gas  given  off.  The  following  observation 
of  Magnus  illustrates  this  fact.  The  observation  was  on  the 
human  blood  six  hours  after  it  had  been  thoroughly  mixed 
with  hydrogen :  * 


BU>odi^Maiu 

Carbonic  acid. 

4*077  cubic  ioches. 

1*01 3  cubic  inches. 

8-660          « 

0-781 

3-888          " 

1-366 

After  twenty-four  hours,  at  the  end  of  which  time  the 
blood  had  no  odor : 

4*077  cubic  inches.  1*617  cubic  inches. 

8-650  «  1*466  " 

8-888  "  2*076  " 

The  excess  of  carbonic  acid  found  twenty-four  hours  after, 
over  the  quantity  found  six  hours  after,  in  the  first  and  tliird 
specimens,  is  a  little  over  50  per  cent. ;  while  in  the  second 
specimen  it  is  very  nearly  100  per  cent. 

In  these  analyses  the  proportion  of  oxygen  is  not  given. 
The  question  naturally  arises  as  to  the  source  of  the  carbonic 
acid  which  was  evolved  during  the  last  eighteen  hours  of  the 
observation.  This  is  evident,  when  we  consider  one  of  the 
important  properties  of  the  blood.  A  number  of  years  ago, 
Spallanzani  demonstrated  that,  in  common  with  other  parts 
of  the  body,  fresh  blood  removed  from  the  body  has,  of  itself, 
the  property  of  consuming  oxygen ;  and  W.  F.  Edwards  has 
shown  that  the  blood  will  exhale  carbonic  acid.  In  1850, 
Harley,  by  a  series  of  ingenious  experiments,  found  that 
blood,  kept  in  contact  with  air  in  a  closed  vessel  for  twenty- 
four  hours,  consumed  oxygen  and  gave  off  carbonic  acid.' 

'  G.  Maonvs,  Sur  let  Oaa  que  coniient  U  Sang :  Oxyghie^  Azote  et  Acidt  Car- 
bomque,    Annales  de  Chimie  et  de  Phyntpie,  2mc  s^ric,  tome  Ixv.,  1837,  p.  174. 

•  G.  Hablet,  The  ChetnUtry  of  Beapiraiion,  The  BriHtk  and  Foreign  Med- 
ieo-Chirurgical  Review^  July,  1856,  p.  828. 
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More  recently,  Bernaril  bfLi  ebown  tliat  for  a  certaiu  time 
aifer  the  blood  is  drawn  from  the  vessek,  it  will  contirme  to 
eoD&ume  oxygen  and  exbale  carbonic  aeid.  If  all  the  csr- 
bonie  acid  he  removed  from  it  iipecimen  of  blood,  bj  treating 
it  with  bydrogen,  and  it  be  alhjwed  to  stand  for  twenty-four 
houiBj  another  portion  of  gas  can  be  removed  by  again  treat- 
ing it  with  hydrogen,  and  still  another  quantity  by  treating 
it  with  hydrogen  a  third  time.' 

From  these  facts  it  ie  clear  that,  in  the  experiment  of 
Magnus,  the  excess  of  carbonic  acid  involved  a  post-joortem 
consumption  of  oxj-gen ;  and  no  analjaet  made  in  the  ordi- 
nary way,  by  displacement  with  hydrogen,  or  by  the  ai^ 
pump,  in  which  the  blood  miiBt  necessarily  be  allowed  to 
remain  in  contact  with  oxygen  for  a  number  of  hours,  can  be 
accurate.  The  only  process  which  can  give  us  a  rigorous 
estimate  of  the  relative  quantities  of  oxj'gen  and  carbonic 
acid  in  the  blood  is  one  in  which  the  gases  can  be  estimated 
without  allowing  the  blood  to  stand,  or  in  which  tlie  forma- 
tion of  carbonic  acid  in  the  specimen,  at  the  expense  of  the 
oxygen,  is  prevented.  All  others  will  give  a  less  quantity  of 
oxygen  and  a  greater  quantity  of  carbonic  acid  than  exists  in 
the  blood  circulating  in  the  vessel^  or  immediately  after  it  is 
drawn  from  the  body, 

A  solution  of  this  important  and  difficult  problem  in  analy- 
sis  of  the  blood  has  been  accomplished  by  Bernard,  This  ob- 
server made  a  great  number  of  experiments,  in  the  hope  of  dis- 
covering some  means  by  which  the  consumption  of  oxygen  by 
the  blood-corpuscles  could  be  arrested/  He  found,  finally,  that 
carbonic  oxldcj  one  of  the  most  active  of  the  poisonous  gases, 
had  a  remarkable  affinity  for  the  blood-corpuscles.     When 


giqua  de9  lA^ida  de  rOr^ammne^  Fftxi^  1859^  tome  i„  p,  S54  «l  tog, 

*  Hartej  (o^  eii^  p.  B34)  ^certamed  tbat  ft  few  dropa  of  chlorolbrm,  «4de4  to 
tho  fresh  blood,  great] j  dLminiEhiHi  ttiG  aetJrltj  of  the  change  of  oicjg^  ioia  cir- 
bonic  acid.  It  did  not  entirely  arrest  it,  bowever,  and  the  author  doea  not  pig- 
gieat  tti  use  in  qunntitatttre  aimljee^  for  g»^9. 
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taken  into  the  lungs,  it  is  absorbed  by  and  becomes  fixed  in 
the  corpuscles,  effectually  preventing  the  consumption  of  oxy- 
gen and  production  of  carbonic  acid,  which  normally  takes 
place  in  the  capillary  system,  and  which  is  one  of  the  indis- 
pensable conditions  of  nutrition.  We  have  already  referred 
to  the  mechanism  of  poisoning  by  the  inhalation  of  this  gas, 
by  its  fixation  in  the  blood-corpuscles,  their  consequent  par- 
alysis, and  the  arrest  of  their  function  as  respiratory  organs. 
As  it  is  the  continuance  of  this  transformation  of  oxygen  into 
carbonic  acid,  after  the  blood  is  drawn  from  the  vessels,  which 
interferes  with  the  ordinary  analysis  of  the  blood  for  gases, 
we  might  expect  to  extract  all  the  oxygen,  if  we  could  imme- 
diately saturate  the  blood  with  carbonic  oxide.  The  prelim- 
inary experiments  of  Bernard  on  this  point  are  conclusive. 
He  ascertained  that  by  mixing  carbonic  oxide  in  sufficient 
quantity  with  a  specimen  of  fresh  arterial  blood,  in  about 
two  hours,  all  the  oxygen  which  it  contained  was  dis- 
placed. Introducing  a  second  quantity  of  carbonic  oxide  af- 
ter two  hours,  and  leaving  it  in  contact  with  the  blood  for  an 
hour,  a  quantity  of  oxygen  was  removed,  so  small  that  it 
might  almost  be  disregarded.  A  third  experiment  on  the 
same  blood  failed  to  disengage  any  oxygen  or  carbonic  acid.' 

The  view  entertained  by  Bernard  of  the  action  of  car- 
bonic oxide  in  displacing  the  oxygen  of  the  blood  is,  that  the 
former  gas  has  a  remarkable  affinity  for  the  blood-corpuscles, 
in  which  nearly  all  the  oxygen  is  contained,  and  when 
brought  in  contact  with  them  unites  with  the  organic  matter. 
Betting  iree  the  oxygen,  in  the  same  way  that  the  acid  enter- 
ing into  the  composition  of  a  salt  is  set  free  by  any  other 
acid  which  has  a  stronger  affinity  for  the  base.  There  is 
every  reason  to  suppose  that  this  view  is  correct ;  as  carbonic 
oxide  is  much  less  soluble  than  oxygen,  and  as  it  only  has  the 
property  of  disengaging  this  gas  from  the  blood,  leaving  the 
other  gases  still  in  solution. 

As  carbonic  oxide  only  displaces  the  oxygen,  it  is  neces- 

*  Bernard,  Liquida  de  VOrganiame^  tome  l,  p.  373. 
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saiy  to  resort  to  eorac  other  process,  iu  addition  to  tbia,  to 
disengage  tLe  otiier  gas^  contained  in  the  blood.  It  ij  only 
necesaarj  to  arrest  the  action  of  tl  le  eorpusclea  upon  tlio  oxy- 
gen, and  then  tlie  gases  may  be  Bet  free  by  the  air-pump,  or 
any  method  which  may  be  convenient.  The  method  adopted 
by  Bernard  for  the  disengagement  of  all  the  gasi^  eont^ned 
in  the  blood  is  first  to  diBplaee  the  oxygen  by  cai'bonie  oxide, 
using  about  two-thirds  of  gas  by  Tolnme  to  one-third  of 
l>lood,  then  to  attach  the  tube  to  a  tube  of  mercury,  and  enb- 
ject  the  blood  to  the  barometric  vacuum,  which  §etA  free  the 
carbonic  acid  and  the  nitrogen.  The  results  obtained  by 
this  method  correspond  witli  our  ideas  conoeming  the  miture 
of  the  respiratoi'y  process ;  and  analy&es  of  the  blood  talien 
at  dlHerent  periods  sliow  variations  in  the  quantitiea  of  oxy- 
gen in  the  artL^rialj  and  carbonic  acid  iu  the  venous  blood, 
con^esponding  with  some  of  the  variations  which  we  have 
noted  in  the  loss  of  oxygen  and  gain  of  carbonic  acid  in  tlie 
air,  in  respiration* 

The  analyses  of  Bernard,  who  obtained  from  fifteen  to 
twenty  per  cent,  of  oxygen  in  volume  from  the  aiterial  blood, 
show  the  great  iraperlection  of  the  process  employed  by 
Magnus,  livho  obtained  from  the  arterial  blood  of  horses  and 
calvea  a  mean  of  but  2 '44  per  cent,  of  ox^'gen.  It  does 
not  seem  necessary,  therefore,  to  diseuBS  the  critieisms  of  the 
results  obtained  by  Magnus  which  'were  made  by  Gay-Lussae 
and  Mageudie,  soon  after  their  pubUcation,  and  more  recent^ 
ly  by  Harley  and  others.* 

^  To  MtignuA  bebnga  the  credit  of  demonstrntlDg  the  importAnt  foct  that  oxj- 
geOf  carbonic  acid^  nnd  nitrogen  can  b&  cxtracttHl  from  the  blood  by  retti«>viiig  tfac 
atmospheric  preasurc.  Bofore  hk  otiacrvatiuiiaf  Gmeliii^  Miucherlkh,  md  Hcd^ 
nmoa  placed  Tenoua  blood  m  a  tube  over  mercury,  m  the  neceircr  of  nJi  JuiN|viu]ap^ 
4Ui4l  by  rctnuvLug  tlie  preBsure  as  far  as  possible,  cuu&cd  the  mercury  to  deeoeiid. 
On  adroit  ting  air  into  the  receiver  and  restoriiig  the  pressure,  the  mercofy 
ascended^  witb  the  blood,  again  filling  the  tube  uompleti^ly.  From  this  they 
r^aaoned  tbal  there  woa  no  free  carbonic  ai^ld  in  Oto  blood.  By  passing  itp  i 
httle  aeetie  ai:id,  carbonic  acid  was  s&t  fre^  which  led  them  to  belleire  that  aU 
tbe  carboni^^  aLid  i^aa  in  combination^  Magnus  showed  that  the  reason  vrby 
other  observera  bad  failed  to  eitract  gaa  by  meaas  of  tbe  ftir-puiDp  was,  that  the 
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Bernard's  experiments  were  made  chiefly  on  dogs,  and 
had  especial  reference  to  the  proportion  of  oxygen  in  the 

rarefaction  of  the  air  was  not  carried  sufficiently  far.  J.  Davy,  in  his  second 
experiments,  recognized  this  fault  in  his  first  observations.  As  the  results  ob- 
tained by  Magnus  are  generally  quoted  and  received  in  works  on  physiology,  we 
give  the  table,  which  is  taken  from  the  translation  of  his  original  article  in  the 
Annalet  tie  Chimie  et  de  Fhytique  (loc.  city,  We  have  not  thought  it  worth  while 
to  reduce  the  volumes  from  cubic  centimetres  to  cubic  inches,  as  we  add  the 
pereentage  of  gas  in  volume,  wliich  is  not  given  by  Magnus. 

(  5*4  of  carbonic  acid,  or  4*82  percent 
Blood  of  bone '. .  .125  cc  gave  9*8  cc.  of  gus-J  ID  of  oxygen,  or  1  '52  per  cent. 

I  2-6  of  nitrogen,  or  2D0     *♦ 
Yenona  blood  of  the  same, )                                            I  8*8  of  carbonic  acid,  or  4*29  per  cent 

fMir  days  after  the  tak-  V206  cc.  gave  12*2  cc  of  gasK  2*8  of  oxygen^  or  1 12  per  cent 
lug  of  arterial  blood. ...)  ( 1 1  of  nitrogi>n,  or  OM     '' 

( 10*0  of  carbonic  acid,  or  5'12  per  ct 
The  same  blood 195  cc  gave  14-2  cc.  of  gas-  2*5  of  oxygen,  or  1  •28  per  cent 

I I  -T  of  nitrogen,  or  0-82    " 
Arterial  blood  of  a  borse  )                                            \  10*T  of  carbonic  acid,  or  6-28  per  ct. 

4' 1  of  oxygen,  or  8*15  per  cent 

1  '5  of  nltrt^cn,  or  1*15     " 

7*0  of  carbonic  acid,  or  5*74  per  cent 

2*2  of  oxygen,  or  l-JiO  per  cent 

1-0  of  nitrogen,  or  0-82    " 

12-4  of  carbonic  acid,  or  7*29  per  ct 


TWT  old,  bnt  in  good  v  180  ao.  gavo  16*8  cc.  of  gas 

The  game  blood 122  cc  gavo  10*2  cc  of  gas 

Yeooiia  Uood  of  the  same 
old  hone,  drawn  three  VHO  cc  gave  18*9  cc  of  gas 
daya  after 


■f 

Arttfial  blood  of  calf 128  cc  gave  14*5  c  c  of  gas 


nemna  blood 108 cc  gave  12-6  cc  of  gas- 

Yanoaa  blood  of  the  same ) 
eaU;  taken  fonr   days  >-158  cc  gave  18  8  cc.  of  gas- 
after. ) 

The  same  blood 140  cc  gavo  7*7  cc  of  gas 


2*5  of  oxygen,  or  1*47  per  cent 

4*0  of  nitrogen,  or  2*85     '» 

9*4  of  carbonic  acid,  or  7*64  per  cent 

8*5  of  oxygen,  or  2*S4  per  cent 

1*6  of  nitrogen,  or  1*80     " 

7*0  of  carbonic  acid,  or  6*49  per  cent 

8*0  of  oxygen,  or  2*87  per  cent 

2-6  of  nitrogen,  or  2*40    ** 

10*2  of  carbonic  acid,  or  6*66  per  ct 

1*8  of  oxygen,  or  1*17  per  cent 

1  *8  of  ni  trogen,  or  0*85    " 

6*1  of  carbonic  acid,  or  4*85  per  cent 

1*0  of  oxygen,  or  0*71  per  cent 

0*6  of  nitrogen,  or  0*48     " 


We  have  given  this  table  in  full,  and  calculated  the  percentage  of  gas  to  the 
Uood  in  each  observation,  because  it  is  a  common  impression  that  the  observa- 
tions of  Magnus  show  a  greater  proportion  of  oxygen  in  the  arterial  blood,  and  a 
greater  proportion  of  carbonic  acid  in  the  venous  blood.  This  is  not  the  fact 
The  table  shows  that  the  proportion  of  all  gases  is  greater  in  the  arterial  blood, 
and  that  the  proportion  of  carbonic  acid  to  ike  oxygen  is  greater  in  the  venous 
blood ;  but  while  the  percentage  of  oxygen  is  greater  in  the  arterial  blood,  there 
is  also  a  larger  percentage  of  carbonic  acid.  In  the  specimens  of  arterial  blood 
examined,  the  mean  proportion  of  oxygen  was  2*44  per  cent,  and  of  carbonic 
add  6*48  per  cent  In  the  venous  blood,  the  mean  proportion  of  oxygen  was 
1*15  per  cent,  and  of  carbonic  acid,  5*54  per  cent  It  is  difficult  to  reconcile  an 
analyBiB,  showing  a  greater  absolute  quantity  of  carbonic  acid  in  arterial  than  m 
▼enous  blood,  with  our  settled  and  well-sustained  ideas  regarding  the  processes 
of  respiration.  A  glance  at  the  wide  differences  in  the  different  analyses  of  speci- 
mens of  the  same  blood  shows  that  there  must  have  been  some  grave  error 
in  the  process. 
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blood.  As  far  as  we  know,  no  analyses  of  the  human  blood 
have  yet  been  made  by  his  method.  In  two  specimens  taken 
from  a  dog  in  good  condition,  a  specimen  of  arterial  blood, 
drawn  from  the  vessels, by  a  syringe  and  put  in  contact 
witli  carbonic  oxide  without  being  exposed  to  the  air,  was 
found  to  contain  18-28  per  cent.,  and  a  specimen  of  venous 
blood,  taken  in  the  same  way,  8*42  per  cent.,  in  volume,  of 
oxygen.*  The  proportion  of  gases  in  the  blood  is  found  to 
vary  very  considerably  under  different  conditions  of  the  sys- 
tem, particularly  with  reference  to  the  digestive  process. 
The  following  are  the  general  results  of  later  observations, 
showing  the  differences  and  variations  in  the  proportions  of 
all  the  gases,  in  arterial  and  venous  blood.* 

Artenal  Bloody  while  an  animal  is  fasting,  contains  from 
nine  to  eleven  parts  per  hundred  of  oxygen.  In  full  digestion, 
the  proportion  is  raised  to  seventeen,  eighteen,  or  even  twenty 
parts  per  hundred.  The  proportion  varies  in  different  animak; 
being  much  greater,  for  example,  in  birds  than  in  mammals. 

The  quantity  of  carbonic  acid  is  even  more  variable  than 
the  quantity  of  oxygen.  During  digestion  there  are  from 
live  to  six  parts  per  hundred  of  free  carbonic  acid  in  the 
arterial  blood.  During  the  intei-vals  of  digestion  this  quan- 
tity is  reduced  to  almost  nothing ;  and  after  fasting  for  twenty- 
four  hours,  frequently  not  a  tra<ie  is  to  he  discovered. 

Venous  Blood  always  contains  a  large  quantity  of  car- 
bonic acid,  both  free  in  solution,  and  combined  in  the  form 
of  carbonates  and  bicarbonates.  This  quantity  varies  in  dif- 
ferent parts  of  the  venous  system,  and  bears  a  relation  to  the 
color  of  the  blood.  It  is  well  known  that  the  venous  blood 
coming  from  some  glands  is  dark  during  the  intervals  of 
::c(*retion,  and  nearly  as  red  as  arterial  blood  during  their 
functional  activity.     In  the  venous  blood  from  the  sub-max- 

*  Loc,  cif.,  p.  367. 

^  These  results  were  given  in  a  couree  of  lectures  which  we  had  the  pririlege 
of  hearing  at  the  College  of  France  in  the  summer  of  1861,  and  which  have  not 
yet  been  published. 
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illary  gland  of  a  dog,  Bernard  found  18-07  per  cent,  of  car- 
bonic acid  during  repose,  and  10-14  per  cent,  during  secre- 
tion. The  blood  coming  from  the  muscles  is  the  darkest  in 
the  bodj,  and  contains  the  greatest  quantity  of  free  carbonic 
acid. 

The  quantity  of  free  carbonic  acid  is  immensely  increased 
in  the  venous  blood  during  digestion.  It  is  owing  to  this 
fact  that  the  gas  then  exists  in  the  arterial  blood.  During 
the  intervals  of  digestion,  the  quantity  is  so  small  that  the 
lungs  are  capable  of  completely  eliminating  it,  and  none 
passes  into  the  arteries ;  but  during  digestion,  the  proportion 
is  so  much  greater,  that  for  a  time  it  cannot  be  entirely  re- 
moved, and  a  part  finds  its  way  into  the  arterial  system. 

These  facts  coincide  with  the  views  which  are  now  held 
r^arding  the  essential  processes  of  respiration.  The  blood 
going  to  the  lungs  ordinarily  contains  carbonic  acid,  and  no 
oxygen ;  for  during  the  intervals  of  digestion,  there  is  only 
enough  oxygen  taken  up  by  the  blood  to  supply  the  wants  of 
the  system.  In  the  lungs,  carbonic  acid  is  given  off,  appear- 
ing in  the  expired  air,  and  the  oxygen  which  disappears  from 
the  air  is  carried  away  by  the  arterial  blood.  Under  some 
conditions,  and  particularly  during  the  height  of  the  digestive 
process,  the  quantity  of  oxygen  absorbed  is  largely  increased, 
and  BO  much  may  exist  in  the  arterial  blood  that  a  small  por- 
tion passes  into  the  veins.  At  the  same  time  the  production  of 
carbonic  acid  is  increased  in  activity,  and  it  may  exist  in  such 
quantity  in  the  venous  blood,  as  temporarily  to  pass  in  small 
quantity  into  the  arteries. 

Nitrogen  of  the  Blood, — As  far  as  is  know^n,  nitrogen  has 
no  important  office  in  the  process  of  respiration.  There  is 
generdly  a  slight  exhalation  of  this  gas  by  the  lungs,  and 
the  analyses  of  Magnus  and  others  have  demonstrated  its 
existence  in  solution  in  the  blood.  Magnus  found  generally 
a  laiger  proportion  in  the  arterial  than  in  venous  blood, 
though  in  one  instance  there  was  a  larger  proportion  in  the 
so 
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venous  blood.  It  is  not  absolutely  certain  whether  the  ni- 
trogen which  exists  in  the  blood  is  derived  from  the  air  or 
from  the  tissues.  Its  almost  constant  exhalation  in  the  ex- 
pired air  would  lead  to  the  supposition  that  it  is  produced  in 
small  quantity  in  the  system,  or  supplied  by  the  food.  Ac- 
cording to  Bernard,  the  quantity  of  nitrogen  in  the  arterial 
blood  is  from  two  to  five  parts  per  thousand,  but  it  is  present 
in  very  much  larger  quantity  in  the  venous  blood/  There 
is  no  evidence  that  nitrogen  enters  into  combination  with  the 
blood-corpusclea ;  it  exists  simply  in  solution  in  the  blood, 
which  is  capable  of  absorbing  about  ten  times  as  much  as 
pure  water.*  Nothing  is  known  with  regard  to  the  rela- 
tions of  the  free  nitrogen  of  the  blood  to  the  processes  of 
nutrition. 

Condition  of  the  Gases  in  the  Blood. — ^It  is  now  pretty 
generally  admitted  that  the  oxygen  of  the  blood  exists,  not 
in  simple  solution,  but  in  a  condition  of  feeble  combination 
with  certain  of  the  constituents  of  the  blood-corpuscles."  It 
is  clearly  demonstrated  that  the  corpuscles  are  the  elements 
which  fix  the  greatest  quantity  of  this  gas.  Carbonic  oxide, 
which  has  a  great  affinity  for  the  corpuscles,  displaces  almost 
immediately  all  the  oxygen  which  the  blood  contains.  Wlien 
the  corpuscles  are  destroyed,  as  they  may  be  readily  by  re- 
ceiving fresh  blood  into  a  quantity  of  pure  water,  the  red 
color  is  instantly  changed  to  black.  Oxygen  in  the  blood 
bears  a  closer  relation  to  the  corpuscles  than  that  of  mere  solu- 

*  Unpublished  lectures  delivered  at  the  College  of  France  in  the  summer 
of  1861. 

^  Magnus,  loc.  cif. 

'  It  is  not  settled  which  of  the  constituents  of  the  blood-corpuscles  has  the 
f^reatcst  aflSnity  for  oxygen.  It  has  been  supposed  to  be  combined  especially  with 
the  coloring  matter;  but  experiments  on  this  point  are  contradictory.  Lehmann 
noticed  no  difference  in  the  color  of  a  solution  of  blood-crystals  treated  with  oxy- 
gen, and  the  same  solution  treated  with  carbonic  acid ;  the  only  difference  was 
that  the  latter  became  turbid  {Physiolof^ical  Chem.^  Am.  ed.,  vol,  i.,  p.  673). 
Meckel  made  some  experiments  in  which  "  ha>matoglobulin  "  was  changed  to  a 
bright  red  by  oxygen,  and  to  a  bluish  red  by  carbonic  acid  (Ibid.,  p.  574). 
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tion.  The  proportion  wliich  tliey  are  capable  of  containing 
is  to  a  certain  degree  absolute,  and  not  dependent  npon  phys- 
ical conditions,  such  as  pressure,  which  invariably  have  an 
influence  on  the  proportion  of  gas  merely  held  in  solution  by 
liquids.  The  proportion  of  oxygen  in  the  blood  cannot  be 
increased  by  pressure,  nor  is  it  diminished  by  reduction 
of  the  pressure,  until  it  approaches  a  vacuum.*  The  fact 
that  the  blood-corpuscles  are  capable  of  consuming  oxygen 
and  giving  off  carbonic  acid  is  an  additional  argument  in 
favor  of  the  union  of  these  anatomical  elements  with  tlie 
gas,  though  tliis  union  is  very  feeble  and  easily  disturbed. 
The  plasma  will  absorb  a  certain  quantity  of  oxygen,  and  its 
action  in  respiration  seems  to  be  intermediate ;  it  first  takes 
oxygen  from  the  air  and  then  gives  it  up  to  the  corpuscles. 

Carbonic  acid  is  more  easily  exhaled  from  the  blood  than 
oxygen.  It  was  this  principle  which  was  obtained  by  those 
who  first  succeeded  in  extracting  gas  from  the  blood.  While 
there  is  every  reason  to  suppose  that  oxygen  is  in  combina- 
tion with  the  blood-corpuscles,  carbonic  acid  seems  to  be  in  a 
condition  of  simple  solution,  and  is  contained  more  especially 
in  the  plasma.  What  may  be  considered  as  the  free  carbonic 
acid  of  the  blood  behaves  in  all  regards  like  a  gas  simply  held 
in  solution.  The  view  that  it  is  held  in  solution  chiefly  in  the 
plasma  is  sustained  by  the  fact  that  serum  will  absorb  more 
carbonic  acid  than  an  equal  volume  of  defibrinated  blood.' 

Liebig  has  shown  that  the  phosphate  of  soda,  one  of  the 
constituents  of  the  blood,  influences  to  a  remarkable  degree 
the  quantity  of  carbonic  acid  which  can  be  held  in  solution 
by  any  liquid.  One  hundredth  of  a  part  of  this  salt  in  pure 
water  will  double  its  capacity  for  dissolving  carbonic  acid.' 

'  The  fact  that  oxygen  is  exhaled  from  tlie  blood  in  vacuo  is  not  an  argument 
against  the  view  that  it  enters  into  feeble  combination  with  the  blood-corpuscles ; 
for  it  is  well  known  that  many  distinctly  recognized  chemical  combinations  are 
disturbed  by  the  same  means.  For  example,  a  vacuum  is  capable  of  disengaging 
from  some  of  the  bicarbonates  one  equivalent  of  carbonic  acid. 

•  LoNQET,  Traite  de  Physiologie^  Paris,  1861,  tome  i.,  p.  494. 

•  Milne-Edwards,  Fhyirioloffie,  tome  i.,  p.  471. 
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When  carbonic  acid  is  formed  by  the  blood,  after  it  is  drawn 
from  the  body,  it  is  immediately  exhaled,  at  least  in  part. 
When  blood  is  in  contact  with  a  certain  quantity  of  air,  oxy- 
gen is  consumed  and  carbonic  acid  is  exhaled.  The  fact  that 
carbonic  oxide,  which  has  such  a  remarkable  affinity  for  the 
corpuscles,  displaces  oxygen  almost  exclusively,  is  another 
argument  in  favor  of  the  view  that  the  carbonic  acid  is  con- 
tained mainly  in  the  plasma. 

A  portion  of  the  carbonic  acid  which  is  formed  by  the 
system  unites  with  the  carbonates  in  the  blood,  particularly 
the  carbonate  of  soda,  to  form  bicarbonates,  is  carried  to  the 
lungs,  and  there  set  free  by  the  pueumic  acid.  It  here  exists 
in  so  loose  a  condition  of  combination,  that  it  may  be  dis- 
engaged by  treating  the  blood  with  inert  gases,  or  putting  it 
under  the  receiver  of  an  air-pump. 

The  carbonic  acid  which  is  formed  in  the  tissues,  and  taken 
up  by  the  blood  in  its  passage  through  the  capillaries,  exists 
in  this  fluid  in  two  forms :  one,  in  simple  solution,  chiefly  in 
the  plasma ;  and  the  other,  in  a  state  of  such  loose  chemical 
combination  in  the  bicarbonates,  that  it  may  be  disengaged 
by  displacement  by  another  gas,  and  is  readily  set  free  by 
pneumic  acid.  This  gas  is  a  product  of  excretion,  and  is  not 
engaged  in  any  of  the  vital  functions ;  while  oxygen,  which 
has  an  all-important  function  to  perform,  unites  immediately 
with  the  blood-corpuscles,  and  is  not  easily  disengaged, 
except  when  it  undergoes  transformation  in  the  process  of 
nutrition.  It  is  certain  that  all  the  carbonic  acid  in  the  blood 
is  not  in  combination  witli  bases,  for  the  proportion  of  salts 
is  not  sufHeient  to  account  for  all  the  carbonic  acid  that  can 
be  disengaged. 

In  addition  to  this  excrementitious  carbonic  acid,  there 
is  another  portion  which  is  a  permanent  constituent  of  the 
blood,  in  the  carbonates,  and  cannot  be  set  free  without  the 
use  of  reagents. 

Nitrogen  exists  in  the  blood  in  the  same  condition  of  solu- 
tion in  the  plasma  as  carbonic  acid. 
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Mechanism  of  the  Interchange  of  Gases  between  the  Blood 
amd  the  Air y  in  the  Lungs, — ^The  gases  from  the  air  pass  into 
the  blood,  and  the  gases  of  the  blood  are  exhaled  through 
the  delicate  membrane  which  separates  these  two  fluids,  in 
accordance  with  laws  which  are  now  well  understood.  The 
first  to  point  out  the  power  of  gases  thus  to  penetrate  and 
pass  through  membranes  was  the  late  Dr.  J.  K.  Mitchell,  of 
Philadelphia.*  His  attention  was  first  directed  to  this  subject 
by  noticing  the  escape  of  gas  from  gum-elastic  balloons  filled 
with  hydrogen.  In  order  to  satisfy  himself  that  the  gas 
passed  through  the  membrane  independently  of  pressure,  he 
put  different  gases  in  wide-mouthed  bottles  covered  with  gum- 
elastic,  and  by  a  series  of  ingenious  experiments,  which  have 
become  so  common  that  it  is  unnecessary  to  describe  them 
in  detail,  extended  Dutrochet's  law  of  endosmosis  and  exos- 
mosis  to  the  gases.  He  demonstrated  the  same  phenomena 
when  he  used  thin  animal  membranes  instead  of  the  gum- 
elastic,  and  found  that  the  more  recent  the  membrane,  the 
more  rapid  was  the  action.  The  rapidity  of  transmission  was 
found  to  be  very  great  in  living  animals.  Observations  on 
the  lungs  of  the  snapping  turtle,  filled  with  air  and  placed  in 
on  atmosphere  of  carbonic  acid  or  nitrous  oxide,  showed  a 
Very  rapid  passage  of  gas  from  the  exterior  to  the  interior. 
Dr.  Mitchell  recognized  the  passage  of  gases  through  mem- 
branes into  liquids,  and  the  exhalation  of  gases  which  were 
in  solution  in  these  liquids.  He  noted  this  action  in  the  ab- 
sorption of  oxygen  and  the  exhalation  of  carbonic  acid  in  the 
longs ;  though  he  fell  into  the  error  of  supposing  that  there 
was  no  carbonic  acid  in  solution  in  the  blood,  and  that  it  was 
exhaled  as  soon  as  formed.''  A  few  years  later.  Dr.  Rogers, 
of  Philadelphia,  enclosed  a  fresh  pig's  bladder,  filled  with 

'  On  the  Pendraiiveness  of  Fluids.  By  J.  K.  Mitchell,  MJ).,  Lecturer  on 
Medical  Chemistry  in  the  Philadelphia  Medical  Institute.  American  Jaumai  of 
the  Medieal  Sciencety  Nov.,  1880,  p.  86. 

■  Ibid.,  p.  66. 
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venous  blood,  in  a  bell-glass  of  oxygen/  In  two  hours  a 
quantity  of  oxygen  had  disappeared,  and  a  large  quantity  of 
carbonic  acid  had  made  its  appearance.  Dr.  Rogers  is  fre- 
quently referred  to  as  the  first  to  demonstrate  the  passage  of 
gases  through  animal  membranes  to  and  from  the  blood. 
The  credit  of  this  is  due  to  Mitchell,  whose  paper  was  pub- 
lished in  1830,  while  the  experiments  of  Eogers  were  pub- 
lished in  1836. 

We  have  already  seen  that  the  blood  is  exposed  to  the  air 
in  the  lungs,  separated  from  it  only  by  a  very  delicate  mem- 
brane, over  an  immense  surface.  The  membrane,  far  from 
interfering  with  the  interchange  of  gases,  actually  favors  it ; 
and  thus,  in  obedience  to  the  laws  which  regulate  endosmosis 
between  gases  and  liquids,  the  oxygen  is  continually  passing 
into  the  blood,  and  the  free  carbonic  acid  is  exhaled. 

General  Differences  in  the  Composition  of  Arterial  cmd 
Venous  Blood, — All  observers  agree  that  there  are  certain 
marked  diflferences  in  the  composition  of  arterial  and  venous 
blood,  aside  from  their  free  gases.  The  arterial  blood  con- 
tains less  water,  and  is  richer  in  organic,  and  most  inorganic, 
constituents  than  the  venous  blood.  It  also  contains  a  greater 
proportion  of  corpuscles,  fibrin,  and  inorganic  salts.  It  is 
more  coagulable,  and  offers  a  larger  and  firmer  clot  than 
venous  blood.  Numerous  analyses  have  failed  to  detect  a 
constant  diflference  in  the  proportion  of  albumen  ;  sometimes 
tlie  proportion  is  greater  in  the  venou.%  and  sometimes  in  the 
arterial  blood.  The  only  principles  which  are  constantly 
more  abundant  in  veuous  blood  are  water  and  tlie  alkaline 
carbonates.  10,000  parts  of  venous  blood  contained  12*3 
parts  of  carbonic  acid  combined,  and  the  same  quantity  of 
arterial  blood  contained  but  8*3  parts.'  The  deficiency  of 
water  in  the  blood  which  comes  from  the  lungs  is  readily  ex- 
plained by  the  escape  of  watery  vapor  in  the  expired  air. 

*  Experiments  on  the  Blood,  etc.  By  Robert  E.  Rogers,  M.D.,  of  Philadelphia. 
American  Jmirnal  of  Hie  Medical  Sci^iceSy  August,  1836,  p.  296. 

*  LoNGET,  op.  cit,y  tome  I,  p.  584. 
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An  important  distinction  between  arterial  and  venous 
blood  is  one  to  which  we  ha^e  already  incidentally  alluded, 
viz.,  that  the  former  has  a  uniform  composition  in  all  parts  of 
the  arterial  system,  while  the  composition  of  the  latter  varies 
very  much  in  the  blood  coming  from  different  organs.  Arte- 
rial blood  is  capable  of  carrying  on  the  processes  of  nutrition ; 
while  venous  blood  is  not,  and  cannot  even  circulate  freely 
in  the  systemic  capillaries. 


CHAPTER  XI7. 


Views  of  physiologists  anterior  to  the  time  of  Laroisier — ^Relations  of  the  oon- 
sumption  of  oxygen  to  nutrition — ^Relations  of  the  exhahition  of  carbonic  add 
to  nutrition — ^Essential  processes  of  respiration — The  respiratory  seiue,  or 
want  on  the  part  of  the  system  which  induces  the  respiratory  moTcmeotft— 
Location  of  the  respiratory  sense  in  the  general  system — Sense  of  snflbcatioo 
— Respiratory  efforts  before  birth — Cutaneous  respiration — ^Asphyxia. 

It  lias  been  demonstrated  that  all  tissues,  so  long  as  they 
retain  their  absolute  integrity  of  composition,  have  the  prop- 
erty of  appropriating  oxygen  and  exhaling  carbonic  acid,  in- 
dependently of  the  presence  of  blood ;  and  that  the  arterial 
blood  Ciirries  oxygen  fix)m  the  lungs  to  the  tissues,  there  gives 
it  up,  and  receives  carbonic  acid,  which  is  carried  by  the 
venous  blood  to  the  lungs,  to  be  exhaled.  From  this  fact 
alone,  it  is  more  than  probable  that  respiration  is  inseparably 
connected  with  the  general  act  of  nutrition.  Its  processes 
must  be  studied,  thercfore,  as  they  take  place  in  the  tissues  and 
organs  of  the  body.  In  the  present  state  of  the  science,  the 
questions  which  naturally  arise  in  connection  with  the  essen- 
tial processes  of  respiration  are : 

1.  In  what  way  is  oxygen  consumed  in  the  system? 

2.  How  is  carlH>nic  acid  produced  by  the  system  i 

3.  A^^lat  is  the  nature  of  the  processes  which  take  place 
Innweou  the  disiippearance  of  oxygen  and  the  evolution  of 
carbonic  acid  t 

AVhen  these  questions  are  satisfactorily  answered,  we  shall 
understand  the  essence  of  respiration ;  but  in  reasoning  on  this 
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subject,  we  must  not  fall  into  the  error  of  assimilatiDg  the 
respiratory  phenomena  too  closely  to  those  with  which  we  are 
acquainted  as  they  occur  in  inorganic  bodies.  It  must  be  re- 
membered that  in  the  organism  we  are  dealing  with  principles 
which  have  the  remarkable  property  of  self-regeneration; 
and  which,  as  a  simple  condition  of  vital  existence,  consume 
oxygen,  when  it  is  presented  to  them,  and  exhale  carbonic 
acid.  Without  a  proper  supply  of  oxygen,  the  tissues  die, 
lose  these  peculiar  properties,  and  finally  disappear  by  putre- 
factive decomposition.  This  consumption  of  oxygen  cannot 
be  regarded  in  any  other  light  than  as  the  appropriation  by 
a  living  part,  of  an  element  necessaiy  to  supply  waste ;  in 
the  same  way  as  those  materials  which  are  ordinarily  called 
nutritive  are  appropriated.  That  waste  is  continually  going 
on  there  can  be  no  doubt ;  and  as  the  production  of  urea, 
creatine,  creatinine,  cholesterine,  etc.,  is  to  a  certain  extent 
independent  of  the  absorption  of  food,  so  the  production  of 
carbonic  acid  is  to  a  certain  extent  independent  of  the  ab- 
sorption of  oxygen.  This  has  been  fiilly  demonstrated  by 
the  experiments  of  Spallanzani,  Edwards,  Geo.  Liebig,  and 
others,  who  have  noted  the  exhalation  of  carbonic  acid  in  at- 
mospheres which  contained  no  oxygen.  How  different  are 
these  phenomena  from  those  which  attend  combinations  and 
decompositions  of  inorganic  matters!  As  an  example,  let 
oxygen  be  brought  in  contact,  under  proper  conditions,  with 
iron.  Under  these  circumstances,  a  union  of  iron  and  oxy- 
gen takes  place,  and  a  new  substance,  oxide  of  iron,  is  formed, 
which  has  peculiar  and  distinct  properties.  In  the  same 
way,  carbonic  acid  may  be  disengaged  from  its  combinations 
by  the  action  of  a  stronger  acid,  which  unites  with  the  base 
and  forms  a  new  substance,  in  no  way  resembling  the  origi- 
nal salt.  To  make  the  contrast  still  more  striking,  let  a  hy 
dro-carbon,  like  fat,  be  lieated  in  oxygen  or  the  air,  imtil  it 
undergoes  combustion ;  it  is  then  changed  into  carbonic  acid 
and  water,  by  a  definite  chemical  reaction,  and  is  utterly  de- 
stroyed as  fat. 
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In  the  living  body  the  organic  nitrogenized  principles  are 
in  a  condition  of  continual  change ;  breaking  down,  and  form- 
ing various  excrementitious  principles,  at  the  head  of  which 
may  be  placed  carbonic  acid.  It  is  essential  to  life  that  these 
principles  be  maintained  in  their  chemical  integrity,  which 
requires  a  supply  of  fresh  matter  as  food,  and  above  all  a 
supply  of  oxygen.  We  put  ourselves  in  the  position  of  ig- 
noring well-established  facts  and  principles  when  we  assimi- 
late without  reserve  the  process  of  the  consumption  of  oxygen 
and  production  of  carbonic  acid  by  living  organic  bodies,  to 
simple  combustion  of  sugar  or  fat.  The  ancients  saw  that 
the  breath  was  warmer  than  the  surrounding  air,  that  in  the 
lungs  the  air  took  heat  from  the  body ;  and  as  they  know  of 
no  other  changes  in  the  air  produced  by  respiration,  they  as- 
sumed that  its  object  was  simply  to  cool  the  blood,  Lavoisier 
discovered  that  the  air,  containing  oxygen,  lost  a  portion  of 
this  principle  in  respiration,  and  gained  carbonic  acid  and 
watery  vapor.  He  saw  that  this  might  be  imitated  by  the 
combustion  of  hydro-carbons,  such  as  exist  in  the  blood.  He 
called  respiration  a  slow  combustion,  and  regarded  as  its  prin- 
cipal office  the  maintenance  of  animal  temperature.  When 
it  was  shown  by  analyses  of  the  blood  for  gases,  that  oxygen 
was  not  consumed  in  the  lungs,  but  taken  up  by  the  circulating 
fluid,  and  carried  all  over  the  body,  and  that  carbonic  acid 
was  brought  from  all  parts  by  the  blood  to  the  lungs,  these 
facts,  taken  in  connection  with  the  fact  that  the  tissues  have 
the  property  of  consuming  oxygen  and  exhaling  carbonic 
acid,  led  physiologists  to  change  the  location  of  the  combus- 
tive  process  from  the  lungs  to  the  tissues. 

We  cannot  stop  at  this  point.  Now  it  is  known  that  the 
organic  principles  of  the  body,  which  form  the  basis  of  all 
tissues  and  organs,  are  continually  undergoing  change  as  a 
condition  of  existence;  that  they  do  not  unite  with  any 
substance  in  definite  chemical  proportions,  but  their  par- 
ticles, after  a  certain  period  of  existence,  degenerate  into 
excrementitious  substances,  and  they  are  regenerated  by  an 
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appropriation  and  change  of  materials  fiimished  by  the  blood. 
As  far  as  the  respiration  of  these  parts  is  concerned,  we  can 
only  say,  that  in  this  process,  carbonic  acid  is  produced  and 
oxygen  is  consumed.  These  facts  show  that  respiration  is 
essentially  a  phenomenon  of  nutrition,  possessing  a  degree 
of  complexity  equal  to  that  of  the  other  nutritive  processes. 
It  must  be  acknowledged  that  thus  far  its  cauaeiand  intimate 
nature  have  eluded  investigation.  In  respiration 'by  the  tis- 
sues, no  one  has  yet  been  able  to  give  the  cause  of  the  ab- 
sorption of  oxygen  or  the  exhalation  of  carbonic  acid ;  or  to 
demonstrate  the  condition  in  which  oxygen  exists  when  once 
appropriated,  or  the  particular  changes  which  take  place, 
and  the  principles  which  are  lost,  in  the  formation  of  carbonic 
add. 

The  views  of  physiologists  with  regard  to  the  essential 
processes  of  respiration,  before  the  time  of  Lavoisier,  have 
barely  an  historical  interest  at  the  present  day ;  except  the 
remarkable  idea  of  Mayow,  which  comprehended  nearly  the 
whole  process,  and  which  was  unnoticed  for  about  a  hundred 
years.*  It  is  not  our  object  to  dwell  upon  the  various  theo- 
ries which  have  been  proposed  from  time  to  time,  or  even 
to  fiilly  discuss,  in  this  connection,  the  combustion  theory  as 
proposed  by  Lavoisier,  and  modified  by  Liebig  and  others. 
Though  this  theory  is  nominally  received  by  many  physiolo- 
gists of  the  present  day,  it  will  be  found  that  most  of  them, 
in  accordance  with  the  facts  which  have  since  been  developed, 
really  regard  respiration  as  connected  with  nutrition.  They 
only  differ  from  those  who  reject  the  combustion  theory,  in 
their  definition  of  the  term  combustion.  Lavoisier  regarded 
respiration  as  a  slow  combustion  of  carbon  and  hydrogen  ; 
and  if  every  rapid  or  slow  combination  of  oxygen  with  any 
other  body  be  considered  a  combustion,  this  view  is  abso- 
lutely correct,  and  was  proven  when  it  was  shown  that  oxygen 
united  with  any  of  the  tissues.  Longet  says  that  since  the 
time  of  Lavoisier  it  is  agreed  to  give  the  above  signification 
*  See  page  411. 
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to  the  word  combustion;'  but  this  must  simply  be  for  the 
purpose  of  retaining  the  name  applied  by  Lavoisier  to  the 
respiratory  process,  while  its  signification  is  altered  to  suit 
the  facts  which  have  since  taken  their  place  in  science.  There 
is  no  doubt  that  combustion  is  generally  r^arded  as  signify- 
ing the  direct  and  active  union  of  oxygen  with  certain  prin- 
ciples, which  commonly  contain  carbon  and  hydrogen ;  and 
the  immediate  products  of  this  union  are  carbonic  acid,  water, 
and  incidentally  heat  and  light  It  is  certain  that  oxygen 
does  not  imite  in  the  body  directly  with  carbon  and  hydrogen, 
though  it  is  consumed,  and  carbonic  acid  and  water  are  pro- 
duced, in  respiration.  Important  intermediate  phenomena 
take  place,  and  we  do  not  therefore  fully  express  the  respiratory 
process  by  the  term  combustion.  The  researches  of  Spallan- 
zani,  W.  F.  Edwards,  CoUard  de  Martigny,"  and  others,  who 
have  demonstrated  the  abundant  exhalation  of  carbonic  add 
by  animals  and  by  tissues  deprived  of  oxygen^  show  that  it 
is  not  a  product  of  combustion  of  any  of  the  principles  of  the 
organism.* 

Eejocting  this  liN-pothesis  as  insufficient  to  explain  the 
intimate  nature  of  the  respiratorv  process,  it  remains  to  be 
seen  liow  satisfactorily,  in  the  present  state  of  the  science,  it 
is  i)ossible  to  answer  the  several  questions  proposed  at  the 
beginning  of  this  chapter. 

1.  In  irhat  way  is  the  oxygen  conmnned  in  the  system? — 
Oxygen,  iirst  taken  from  the  air  by  the  plasma  of  the  blood, 
is  ininiediately  absorbed  by,  and  enters  into  the  composition 
of,  the  red  corpuscles.  Part  of  the  oxygen  disappears  in  the 
red  corpuscles  themselves,  and  carbonic  acid   is  given  off. 

*  LoNcrr,  Traiti-  de  Physiolofjie,  Paris,  1861,  tome  i.,  p.  392,  note, 
'  Cor.LARD  PE  Maiitigny,  Rtchircfun  EijHrimeniohs   ft   Critiques  tur  TAh- 
sorptiou  ct  sur  C Exhalaikm  Bispiratoircs.     Journal  de  Phif9iUo(fie,    1830,  tome 
X.,  p.  111. 

'  Various  other  considerations  concerning  the  combustion  theory  of  respira- 
tion, such  as  the  so-calleii  '*  respiratory,  or  calorific  food,"  will  bo  discussed  in 
eouneciion  with  the  subject  of  animal  heat. 
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To  how  great  an  extent  this  takes  place  it  is  impossible  to 
Bay ;  but  it  is  evident,  even  fix>m  a  study  of  the  methods  of 
analyses  of  the  blood  for  gases,  that  the  property  of  absorbing 
oxygen  and  giving  off  carbonic  acid,  which  Spallanzani  dem- 
onstrated to  belong  to  the  tissues,  is  possessed  as  well  by  the 
red  corpuscles.  Daring  life  it  is  not  possible  to  determine 
how  far  this  takes  place  in  the  blood,  and  liow  far  in  the 
tissues.  Lagrange  and  Ilasscnfratz*  advanced  the  theory 
that  all  the  respiratory  change  takes  place  in  the  blood  as  it 
circulates ;  but  the  avidity  of  tlie  tissues  for  oxygen,  and  the 
readiness  with  which  they  exhale  carbonic  acid,  leave  no 
room  for  doubt  that  much  of  this  change  is  effected  in  their 
substance.  The  late  experiments  of  Bernard,'  showing  that 
when  blood  is  sent  to  the  glands  in  large  quantities,  the 
oxygen  is  only  imperfectly  destroyed,  the  blood  which  is 
returned  by  the  veins  having  nearly  the  color  of  arterial 
blood,  are  positive  evidence  against  this  view. 

Oxygen,  carried  by  the  blood  to  the  tissues,  is  appropri- 
ated and  consumed  in  their  substance,  together  with  the  nu- 
tritive materials  with  which  the  circulating  fluid  is  charged. 
We  are  acquainted  with  some  of  the  laws  which  regulate  its 
consumption,  but  have  not  been  able  to  follow  it  out  and  as- 
certain the  exact  nature  of  the  changes  which  take  place. 
Some  have  said  that  oxygen  unites  with  the  iron  of  the 
blood,  or  with  the  coloring  matter  of  the  corpuscles ;  but  ex- 
periments on  this  point  are  contradictory  and  unsatisfactory. 
Some  have  said  that  it  unites  with  the  hydro-carbons  of  the 
blood  and  of  the  tissues ;  but  there  is  more  evidence  that  it 
enters  into  combination  chiefly  with  the  organic  nitrogenized 
principles.     All  that  we  can  say  definitely  on  this  point  is, 

*  Hassenfratz,  Jfemoire  sur  la  Combinaison  de  VOzi/gkne  avee  le  Carbone  et 
PHi/droffhu  du  8ang^  sur  la  DUsolutian  de  r  Oxgyene  dam  le  Sang^  et  sur  la  Manure 
dont  le  Cahrique  se  dcgage.    Annates  de  Chimte^  1*791,  tome  ix.,  p.  261. 

'  lAquidcs  de  C  OrganUme^  tome  i. ;  and  unpublished  lectures  at  the  College  of 
France,  1861.  In  the  latter,  Bernard  gives  comparative  analyses  of  the  venous 
blood  from  the  submaxillary  gland,  showing  a  lai^er  proportion  of  oxygen  during 
its  functional  activity  than  during  repose 


that  it  unites  witb  the  organic  pmciplea  of  the  eystem^sad^ 
fyingtlie  ''respiratory  sense,"  and  supplying  an  iiuperative 
want  wliich  is  felt  by  all  antitials^  and  extends  to  all  part?  of 
tBe  organ ii^m.  After  lieing  fll>sorbed,  it  is  lost  ia  theifitri^ 
Oate  processes  of  nutrition.  There  is  no  evident^e  in  favor  of 
the  view  that  oxygen  unites  directly  with  carbon iiceous  tn&t- 
ten  in  tlie  blood  whieh  it  meets  in  the  lung&j  and,  by  direct 
unicm  mth  carbon^  Ibrms  carbonic  acid, 

S.  ITow  Va  mrbmtie  mnd  proilm^'d  hy  tJie  sn/giemf — 
That  carbonic  acid  make&  its  ap]>earance  in  the  blootl  it- 
ad^  produced  in  the  red  corpuftt^les^  has  been  ahundantly 
proven  by  observations  already  cited;  tbougli  it  is  iinpoe- 
aible  to  determine  to  what  extent  this  takes  place  during 
life.  It  is  likewise  a  product  of  the  physiological  decomfK)- 
aitioTi  of  the  tissues,  wlience  it  i^  absorbed  by  the  blood  cir- 
culating in  tlie  capillaries  and  conveyed  by  the  veins  to  the 
right  side  of  the  heart.  It  has  been  experimentally  demon- 
strated tliat  its  production  is  not  immediately  dependeot 
upon  the  absorption  of  oxygen ;  for  it  will  go  on  in  an  atmos- 
phere of  hydrogen  or  of  nitrogen.  It  is  most  reasonable  to 
consider  the  carbonic  acid  thus  formed  as  a  product  of  excre- 
tion or  destructive  assimilation,  like  nrea,  creatine,  or  chole»- 
terine.  The  fact  that  it  may  easily  be  produced  artificiaJly, 
out  of  the  body,  does  not  demonstrate  that  its  formatioiL 
in  the  body  is  as  simple  as  when  it  is  formed  by  the  pro- 
cess of  combustion.  We  may  be  able  at  some  fiitnre  time 
to  produce  artificially  all  the  excrementitions  principles, 
as  has  already  been  done  in  the  case  of  nrea;  *  but  we  are 
hardly  justified  in  supposing  that  the  mode  of  formation 
of  this  principle,  as  one  of  the  phenomena  of  nutrition,  is 
precisely  the  same  as  when  it  is  made  by  our  chemical  ma- 
nipulations. 

*  Woller  first  formed  urea  artificiallj  by  a  union  of  cyaiuc  add  and  tost- 
tnonio.     Since  then  it  has  been  prepared  bj  chemists  bj  yarious 
(LniMANN,  Phjffiofoffical  Chemutry,  Philadelphia,  1866,  vol  L,  p.  147). 
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As  expressing  nearly  all  that  is  known,  even  at  the  pres- 
ent day,  regarding  the  mode  of  formation  of  carbonic  acid 
in  the  economy,  we  may  take  the  following  concluding  passage 
from  the  paper  of  Collard  de  Martigny,  published  in  1830 :  * 

"  The  carbonic  acid  expired  is  a  product  of  aminilaiixc 
decompositiany  secreted  in  the  capillaries  and  excreted  by  the 
lungs." 

The  carbonic  acid  thus  produced  is  taken  up  by  the 
blood,  part  of  it  in  a  free  state  in  solution,  particularly  in 
the  plasma,  and  a  part  which  has  united  with  the  carbonates 
to  form  bicarbonates.  Carried  thus  to  the  lungs,  the  free 
gas  is  removed  by  simple  displacement,  and  that  which 
exists  in  combination  is  set  free  by  the  acids  found  in  the 
pulmonary  substance. 

3.  What  is  the  nai/ure  of  the  intermediate  processes^  from 
ike  disappea/rance  of  oxygen  to  the  evolution  of  carhonic 
acidt — ^A  definite  answer  to  this  question  would  complete 
our  knowledge  of  the  respiratory  process ;  but  this,  in  the 
present  state  of  the  science,  we  are  not  prepared  to  give.  We 
can  only  repeat  what  has  already  been  so  frequently  referred 
to,  that  oxygen  must  be  considered  as  a  nutritive  principle, 
and  carbonic  acid  a  product  of  excretion.  The  intermediate 
processes  belong  to  the  general  function  of  nutrition,  with 
the  intimate  nature  of  which  we  are  unacquainted.  We 
have  not  suflScient  evidence  for  supposing  that  this  process 
is  identical  with  what  is  generally  known  as  combustion. 

The  Respiratory  Sense;  or  Want  on  the  pa/rt  of  the  System 
which  induces  the  Respiratory  Movements.  {Besoin  de 
Re^pirer.) 

We  are  all  familiar  with  the  peculiar  and  distressing 

*  Zo<?.  cit.y  p.  160.  The  author  adds:  "The  chemical  theory  of  Lavoisier, 
of  respiration,  is  a  gratuitous  supposition.  This  function  should  be  considered 
as  a  complete  series  of  acts  of  general  assimilation.^' 


480  BE8PIRATI0N. 

sense  of  suffocation  wliich  attends  an  intermption  in  the  re- 
spiratory process.  Under  ordinary  conditions,  the  act  of 
breatliing  takes  place  without  our  knowledge;  but  even 
when  the  air  is  but  little  vitiated,  when  its  entrance  into  the 
lungs  is  slightly  interfered  with,  or  when  a  considerable 
portion  of  the  pulmonary  structure  is  involved  by  disease, 
we  experience  a  certain  sense  of  uneasiness,  and  become  con- 
scious of  the  necessity  of  respiratory  efforts.  This  gradually 
merges  into  the  sense  of  suffocation,  and,  if  the  obstruction  be 
safficierit,  is  followed  by  convulsions,  insensibility,  and  final- 
ly by  death. 

Though  we  are  not  sensible  of  any  want  of  air  under  or- 
dinary conditions,  it  was  proven  by  the  celebrated  experi- 
ment of  Kobert  Hooke,  in  1664,  that  there  is  a  want  always 
felt  by  the  system ;  and  that  if  this  want  be  effectually  sup- 
plied, no  respiratory  movements  will  take  place.  We  have 
often  repeated  the  experiment  demonstrating  this  fact.  K  a 
dog  be  brought  completely  under  the  influence  of  ether,  the 
chest  and  abdomen  opened,  and  artificial  respiration  be 
carefully  kept  up  by  means  of  a  bellows  fixed  in  the  trachea, 
even  after  the  animal  has  come  from  under  the  influence  of 
the  ansesthetic,  so  as  to  look  around  and  wag  his  tail  when 
spoken  to,  he  will  frequently  cease  all  respiratory  move- 
ments when  the  air  is  properly  supplied  to  the  lungs.  This 
fact  can  be  very  satisfactorily  observed,  as  the  diaphragm 
and  other  important  respiratory  muscles  are  denuded,  and 
exposed  to  view.  If  the  artificial  respiration  be  interrupted 
or  imperfectly  performed,  the  animal  almost  immediately 
feels  the  want  of  air,  and  the  exposed  respiratory  muscles 
are  thrown  into  violent  but  ineffectual  contraction.' 

It  is  generally  admitted,  indeed,  that  there  exists  in  the 

'  For  full  details  of  tliese  experiments  the  reader  is  referred  to  an  article  by 
the  author,  entitled  Experimental  Researches  on  Points  connected  with  the  Action 
of  the  Heart  and  icUh  Respiratio?i  {American  Journal  of  the  Medical  Sciences,  Oct, 
1861).  Since  the  publication  of  this  paper,  the  experiments  on  respiration  have 
been  frequently  repeated  publicly,  and  the  conclusions  verified. 
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system  what  may  appropriately  be  called  a  respiratory  sense^ 
or,  as  it  is  called  by  the  French,  hesoin  de  respirer^  which  is 
conveyed  to  tlie  respiratory  nervous  centre  and  gives  rise  to 
the  ordinary  reflex  and  involuntary  movements  of  respira- 
tion ;  that  this  sense  is  exaggerated  by  any  thing  which  inter- 
feres with  respiration,  and  is  then  carried  on  to  the  brain, 
where  it  is  appreciated  as  dyspnoea,  and  finally  as  the  over- 
powering sense  of  suffocation.  An  exaggeration  of  the 
respiratory  sense  constitutes  an  oppression,  which  is  reterred 
to  the  lungs.  It  has  been  demonstrated,  however,  that  the 
sensation  of  hunger,  which  is  felt  in  the  stomach,  and  of 
thirst,  which  is  felt  in  the  throat  and  fauces,  have  their  seat 
really  in  the  general  system,  and  are  instinctively  referred 
to  the  parts  mentioned,  because  they  are  severally  relieved  by 
the  introduction  of  food  into  the  stomach,  and  the  passage 
of  liquid  along  the  throat  and  oesophagus.  It  cannot  there- 
fore be  assumed,  from  sensations  only,  that  the  sense  of  want 
of  air  is  really  located  in  the  lungs.  The  question  of  its  seat 
and  its  immediate  cause  is  one  of  the  most  interesting  of 
those  connected  with  respiration. 

Many  physiologists  accept  the  view  of  Marshall  HaU,  who 
first  accurately  described  the  reflex  phenomena,  that  the  re- 
spiratory sense  is  located  in  the  lungs,  is  carried  to  the  medulla 
oblongata  by  the  pulmonary  branches  of  the  pneumogastric 
nerves,  and  is  due  to  the  accumulation  of  carbonic  acid  in  the 
pulmonary  vesicles;  but  there  are  facts  in  physiology  and 
pathology  which  are  inconsistent  with  such  an  exclusive  view. 

In  cases  of  disease  of  the  heart,  when  the  system  is  im- 
perfectly supplied  with  oxygenated  blood,  the  sense  of  suffoca- 
tion is  frequently  most  distressing,  though  the  lungs  be  unaf- 
fected, and  receive  a  sufiicient  supply  of  pure  air.  Tliis  and 
other  similar  facts  led  B6rard  to  adopt  the  view  that  the 
respiratory  sense  has  its  point  of  departure  in  the  right  cavi- 
ties of  the  heart,  and  is  due  to  their  distention  as  the  result  of 
obstruction  to  the  passage  of  blood  through  the  lungs.*     John 

*  Court  de  Phx/siologie^  tome  iii.,  p.  523. 
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I  widl  tlie  respinitorr  tnoveioient^'  In  tbr  Iwfe  «f 
■rtlling  some  of  tlie^  qatstions,  wltkh  ni%bt  be  legAded  m 
mmmwhat  nneortain,  we  iiislittrted,  m  fcw  jesnmpK  m  «i»ef 
eiqperimenti^  wliich  were  emWdied  in  the  paper  Mhmdj  m- 
fsRedta.'  lA&eie  ofaeetrntioiM^  tlie&lloviq|&ct^5iXDe«f 
wliidi  had  been  preTiouslj  not^  wcte  AemaomT%l&i ;  ml 
their  leanhalettFe  nodoabi  as  to  the  JoeaSkm  and  tsus^md 
therapiratoiyBaifle:         ""~       \       . 

1.  If  the  chest  be  opened  in  a  living  animal^  and  aitifidii 
respiration  be  carefnllj  performed,  inflating  the  longs  eoBt- 
eientlv  but  caatiooslj,  and  taking  care  to  change  the  air  in 

'  An.  EzperimtnUd  JmrtaiiffmiUm  info  ike  AndSmw  of  At  F^gMk  J^m- tf 
3 A-rei,  eie.  Part  second.  Amalomicai  mmi  f%ytmhyitwi  Rmmrdm,  'Mm- 
borgfa,  1848,  p.  285 ;  and  ESmAut^  MeAml  mmd  Smwykmi  Jmnd, 
April,  1839. 

'  VouuAXS,  in  SrAinuif'*  AArted^,  1842,  pi  29a  ToOohm  dwmtfat 
after  diTiaoo  of  the  pnemDOgastriea,  an  animal  dies  when  dqaiicJ  of  aii^  Mi 
cahnl  T,  but  with  undoubted  sjmptooiB  of  distresB  fimn  mAea&m^  as  if  ft  kid 
been  strangled  witboot  prerious  cfirisaoQ  of  Ihe  Tag^  HealiD  wifc  >— fcercf 
experiments,  in  vhich  re^>iratorj  cflbrts  continued  for  wmmj  ^'nr^TM  aAcr  cexHf* 
pation  of  thebmgs,  in  cats  and  dogs,  care  bong  taken  to  leare  the  plguut  MricB 
intact  He  goes  on  to  reason  that  the  sense  of  want  of  airnwl  reside  m  the  gen- 
eral STstem,  that  it  is  dne  to  a  deficiencT  of  oxTgcn,  and  thai  its  ex^gentioB 
constitutes  the  eense  of  suffocation.  His  obeatations  do  not  diow;  bovem^ 
that  this  b  not  due  to  the  presence  of  carbonic  acid,  as  has  been  soppoeed  by 
manj.  Tierordt  is  of  the  opinion  that  the  reapiralocr  sense  is  dne  to  the  coei- 
lation  of  the  Tenoos  Mood  in  the  substance  of  the  nsreB^ 
I  J<mrmal,  October,  1861. 
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the  bellows  everr  few  moments,  as  long  as  this  is  continued, 
the  animal  will  make  no  respiratory  effort ;  showing  that,  for 
the  time,  the  respiratory  sense  is  abolished. 

2.  When  the  artificial  respiration  is  interrupted,  the  respi- 
ratory mnscles  are  thrown  into  contraction,  and  the  animal 
makes  r^nlar,  and  at  last  violent  efforts.  If  we  now  expose 
an  artery,  and  note  the  color  of  the  blood  as  it  flows,  it  will 
be  observed  that  the  respiratory  efforts  only  commence  when 
the  blood  in  the  vessel  l)egins  to  be  dark.  When  artificial 
respiration  is  resumed,  the  respiratory  efforts  cease  only  when 
the  blood  becomes  red  in  the  arteries.  The  invariable  result 
of  this  experiment  seems  to  show  that  the  respiratory  sense  is 
connected  with  a  supply  of  blood  containing  little  oxygen 
and  charged  with  carbonic  acid  to  the  systemic  capillaries  by 
the  arteries,  and  that  it  varies  in  intensity  with  the  degree 
of  change  in  the  blood. 

3.  If,  while  artificial  respiration  is  regularly  performed,  a 
large  arterj'  be  opened,  and  the  system  be  tlius  drained  of 
blood,  when  the  hemorrhage  has  proceeded  to  a  certain  ex- 
tent, the  animal  makes  respiratory  efforts,  which  become 
more  and  more  violent,  until  they  terminate,  just  before 
death,  in  general  convulsions.  The  same  result  follows  when 
the  blood  is  prevented  from  getting  to  the  system  by  applying 
a  ligature  to  the  aorta. 

These  facts,  which  may  be  successively  observed  in  a 
single  experiment,  remain  precisely  the  same  if  we  previously 
divide  both  pneumogastric  nerves  in  the  neck ;  showing  that 
these  are  by  no  means  the  only  nerves  which  convey  the 
respiratory  sense  to  the  medulla  oblongata. 

The  conclusions  which  may  legitimately  be  drawn  from 
the  above-mentioned  facts  are  the  following  : 

The  respiratory  sense  has  its  seat  in  the  system,  and  is 
transmitted  to  the  medulla  oblongata  by  the  general  sensory 
nerves.  It  is  not  located  in  the  lungs,  for  it  operates  when 
the  lungs  are  regularly  filled  with  pure  air,  if  the  system  be 
drained  of  the  oxygen-carrying  fluid. 
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It  is  due  to  a  want  of  oxygen  on  the  part  of  the  Bystem, 
and  not  to  any  ^neied  irritant  properties  of  carbonic  acid ; 
for  when  the  lungs  are  filled  with  air,  and  the  system  is  grad- 
ually drained  of  blood,  though  all  the  blood  which  finds  its 
way  to  the  capillaries  is  fully  oxygenated,  as  the  quantity 
becomes  insufficient  to  supply  the  required  amount  of  oxygen, 
the  sense  of  want  of  air  is  felt,  and  respiratory  efforts  take 
place.  The  experimental  results  on  which  these  conclusions 
are  based  are  invariable,  and  have  been  demonstrated  re- 
peatedly ;  so  that  the  location  of  the  respiratory  sense  in  the 
general  system,  and  the  fact  that  it  is  an  expression  of  a  want 
of  oxygen,  seem  as  certain  as  that  oxygen  is  taken  up  by  the 
blood  from  the  lungs,  and  distributed  to  the  tissues  by  the 
arteries.  With  this  view  we  can  explain  all  the  reflex  phe- 
nomena which  are  connected  with  the  respiratory  function.* 

The  supposition  of  Berard  that  the  respiratory  sense  is 
due  to  distention  of  the  right  cavities  of  the  heart  is  disproved 
by  the  simple  experiment  of  sudden  excision  of  this  organ. 
In  that  case,  as  the  system  is  drained  of  blood,  eflforts  at 
respiration  invariably  take  place,  though  the  supply  of  air  to 
the  lungs  be  continued. 

Sefise  of  Suffocation. — We  must  separate,  to  a  certain 
extent,  the  respimtorv  sense  from  the  sense  of  distress  from 
want  of  air,  and  its  extreme  degree,  the  sense  of  suftbcation. 
The  tir>t  is  not  a  sensation,  but  an  impression  conveyed  to 
the  medulla  oblongata,  giving  rise  to  involuntary  reflex  move- 
ments. The  necessities  on  the  part  of  the  system  for  oxygen 
regulate  the  supply  of  air  to  the  lungs.  AVe  have  already 
seen  that  every  tive  to  eight  respirations,  or  when  the  respi- 

*  There  are  many  phenomena  which  physiologists  found  it  impossible  to  ex- 
plain on  the  supposition  that  the  **  bftoin  de  respirrr  "  was  located  in  the  lungs  and 
conveyed  to  the  medulla  oblongau  by  the  pneumogastrics ;  among  which  may 
be  mentioned  the  eflfect  of  irritation  of  the  general  surface  in  the  resuscitation  of 
new.l>om  children  in  which  respiration  is  not  established  spontaneous^  Dr. 
Marshall  Uall  and  John  Reid  thought  that  in  these  cases  the  sensory  filaments  dis> 
tnbuted  on  the  skin  had  something  to  do  in  transmitting  impressions  to  the  respi- 
ratory centre. 
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ratory  movements  are  a  little  restricted  under  the  influence 
of  depressing  emotions,  an  involuntary  deep  or  sighing  in- 
spiration is  made,  for  the  purpose  of  changing  the  air  in  the 
lungs  more  completely.  The  increased  consumption  of  oxygen 
and  a  certain  amount  of  interference  with  the  mechanical 
process  of  respiration  during  violent  muscular  exercise  put 
us  "  out  of  breath ;"  and  for  a  time  the  respiratory  move- 
ments are  exaggerated.  This  is  perhaps  the  first  physiological 
way  in  which  the  want  of  air  is  appreciated  by  the  senses. 
A  deficiency  in  hematosis,  either  from  a  vitiated  atmosphere, 
mechanical  obstruction  in  the  air-passages,  or  grave  trouble 
in  the  general  circulation,  produces  all  grades  of  sensations, 
from  the  slight  oppression  which  is  felt  in  a  crowded  room, 
to  the  intense  distress  of  suffocation.  When  hematosis  is  but 
slightly  interfered  with,  only  an  indefinite  sense  of  oppression 
is  experienced ;  the  respiratory  movements  are  a  little  in- 
creased, the  most  marked  effect  being  an  increase  in  the 
number  and  extent  of  sighing  inspirations.  In  the  experi- 
ments upon  animals  to  which  we  have  referred,  when  artifi- 
cial respiration  was  interrupted,  we  first  noticed  regular  and 
not  violent  contractions  of  the  respiratory  muscles ;  but  as  the 
sense  of  want  of  air  increased,  every  muscle  which  could  be 
used  to  raise  the  chest  was  brought  into  action.  In  the 
human  subject  in  this  condition,  the  countenance  has  a 
peculiar  expression  of  anxiety  and  distress,  and  the  move- 
ments soon  extend  to  tlie  entire  muscular  system,  resulting 
in  general  convulsions,  and,  finally,  insensibility. 

Bearing  in  mind  the  fact,  that  though  these  sensations 
are  referred  to  the  lungs,  indicating  increased  respiratory 
effort  as  the  common  means  for  their  relief,  they  have  their 
real  point  of  departure  in  the  general  system,  we  can  under- 
stand the  operation  of  various  abnormal  conditions  of  the 
circulation,  when  the  lungs  are  adequately  supplied  with 
fresh  air.  The  first  subjective  symptom  of  air  in  the  veins 
is  a  sense  of  impending  suffocation.  There  is  no  want  of  air 
in  the  lungs,  but  the  circulation  is  instantaneously  inter- 
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rupted,  and  oxygenated  blood  is  not  supplied  to  the  tis- 
sues. The  same  effect,  practically,  follows  abstraction  of 
the  circulating  fluid,  or  the  absorption  of  any  poisonous  agent 
which  destroys  the  function  of  the  corpuscles  as  carriers  of. 
oxygen ;  though  in  hemorrhage,  the  effects  are  not  as  marked, 
as  generally  the  system  is  gradually  debilitated  by  the  pro- 
gressive loss  of  blood.  It  was  invariably  noticed  in  the  ex- 
periments above  referred  to,  that  after  the  division  pf  a  lai^ 
artery,  though  artificial  respiration  was  carefully  performed, 
respiratory  efforts  took  place  when  the  system  was  nearly 
drained  of  blood.  As  the  hemorrage  continued,  these  efforts 
became  more  violent,  and  eventuated,  just  before  death,  in 
general  convulsions.*  A  comparison  of  this  experiment  with 
those  in  which  artificial  respiration  was  simply  inteiTupted 
shows  that  in  sudden  hemorrhage  there  can  be  no  doubt  that 
the  system  feels  the  want  of  oxygen ;  and  when  the  loss  of 
blood  is  very  great,  this  is  increased  until  it  amounts  to  a 
sense  of  suffocation.     In  gradual  hemorrhage,  there  is  a  con- 

*  *'  Erpt  xxxiv.,  Feb.  19,  1861.  A  good-sized  dog  was  etherized  and  the  chest 
openeti  in  the  usual  way.  Artificial  respiration  was  established,  and  Expt  xxii. 
verifiod.  The  blood  was  tlien  allowed  to  flow  freely  from  the  femoral  artery, 
while  artificial  respiration  was  actively  continued.  While  the  blood  continued  to 
flow,  the  respiratory  muscles  were  carefully  observed.  During  the  first  part  of 
the  !>KHHiini:  no  respiratory  efforts  took  place;  6m/  whm  the  blood  had Jfovcd  for 
a  coHiiidtnthff  time,  and  the  gystrrn  w<u  becominff  drained^  respiratory  effort*  eynx- 
tnenctd^  UehU  atjintt^  but  as  the  bieedinp  evutiuued,  beeominff  more  violent  until  the 
H-holf  n.iisx^iUir  system  teas  affected  bt/  convulsive  movetnents.'^  (Am.  Juurn.^  loc, 
W/.,  p.  o7(>.) 

Touvulsions  after  profuse  hemorrhage  have  long  been  observed  by  physiol- 
oirists^  but  no  entirely  satisfactory  explanation  of  tlieir  occurrence  has  ever  been 
given.  There  now  cjin  be  no  doubt  that  they  are  due  to  a  deficiency  of  oxygen. 
The  ox^vriments  of  Kusmaul  and  Tenner  { On  the  Xature  and  Origin  of  EjAlepti- 
fonn  Convulsions  exiused  by  Pn\r'u»e  Bleedincr.  Xew  Sydenham  Society,  London, 
1S^'.>^  show  that  cMuvulsions  may  be  produced  by  ligature  of  the  great  vessels 
c;irryiuj:  bUxvl  to  the  brain.  In  this  case  they  are  probably  due  to  a  deficiency  of 
oxvc\Hi  in  this  vascular  and  higlily  organized  part.  In  their  experiments,  which 
w  on^  mavie  on  rabbits,  it  was  ol*sorved  that  "  respiration  is  at  first  accelerated,  but 
shortly  at^erwarvis,  a  Uttle  while  before  the  approach  of  general  convulsions,  it 
Uwmes  prv>loug\.Hi  and  det>p.'*    P.  14. 
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servative  provision  of  Nature,  by  which  faintness  and  dimi- 
nution in  the  force  of  the  heart's  action  favor  the  arrest  of 
the  flow  of  blood. 

Poisoning  by  carbonic  oxide  is  generally  accompanied  with 
convulsions,  which  arise  from  the  sense  of  suffocation,  and  are 
due  to  a  fixation  of  this  gas  in  the  blood-corpuscles,  by  which 
they  are  rendered  incapable  of  giving  oxygen  to  the  system. 
Cbnvulsions  also  attend  poisoning  by  hydrocyanic  acid,  in 
cases  in  which  the  system  is  not  overpowered  immediately  by  a 
large  dose  of  this  agent,  and  the  muscular  irritability  destroyed. 

Experiments  have  failed  to  show  that  the  respiratory 
sense,  or  the  sense  of  suffocation,  is  due  to  irritation  produced 
by  carbonic  acid  in  the  non-oxygenated  blood. 

Re^piTdtory  Efforts  hefore  Birth. 

It  is  generally  admitted  that  one  of  the  most  important 
functions  of  the  placenta,  and  the  one  which  is  most  im- 
mediately connected  with  the  life  of  the  foetus,  is  a  respira- 
tory interchange  of  gases,  analogous  to  that  which  takes 
place  in  the  gills  of  aquatic  animals.  The  vascular  pro- 
longations from  the  foetus  are  continually  bathed  in  the 
blood  of  the  mother,  and  this  is  the  only  way  in  which  it 
can  receive  oxygen.  Notwithstanding  the  statements  of 
those  who  have  been  unable  to  note  any  difiference  in  color 
between  the  blood  contained  in  the  umbilical  arteries  and 
the  vein,  there  are  direct  observations  showing  that  such  a 
difference  does  exist.  Legallois  frequently  observed  a  bright 
red  color  in  the  blood  of  the  umbilical  vein ;  and  on  alter- 
nately compressing  and  releasing  the  vessel,  he  saw  the  blood 
change  in  color  successively  from  red  to  dark,  and  dark  to 
red.'  As  oxygen  is  thus  adequately  supplied  to  the  system, 
the  foetus  is  in  a  condition  similar  to  that  of  the  animals  in 
which  artificial  respiration  was  effectually  performed.  The 
want  of  oxygen  is  fully  met,  and  therefore  no  respiratory 

*  6iRi.RO,  Cours  de  Phytiologie^  tome  iii.,  p.  422. 
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consistent  with  our  views,  locating  the  respiratory  sense  in 
the  general  system.* 

Cutaneous  Bespiration. 

This  mode  of  respiration,  though  very  important  in 
many  of  the  lower  orders  of  animals,  is  insignificant  in  the 
human  subject,  and  even  more  slight  in  animals  covered 
with  hair  or  feathers.'  Still,  an  appreciable  quantity  of 
oxygen  is  absorbed  by  the  skin  of  the  human  subject, 
and  an  amount  of  carbonic  acid,  which  is  proportionately 
larger,  is  exhaled.  Exhalation  of  carbonic  acid,  which  is 
connected  rather  with  the  functions  of  the  skin  as  a  general 
excreting  organ  and  is  by  no  means  an  essential  part  of  the 
respiratory  process,  will  be  more  fully  considered  under  the 
head  of  excretion.  Carbonic  acid  is  given  off  with  the  general 
emanations  from  the  surface,  being  found  at  the  same  time 
in  solution  in  the  urine  and  in  most  of  the  secretions.  It  is 
well  known  that  death  follows  the  application  of  an  imper- 
meable coating  to  the  entire  cutaneous  surface ;  but  this  is 
by  no  means  due  to  a  suppression  of  its  respiratory  function 
alone.  The  skin  has  other  offices,  particularly  in  connection 
with  regulation  of  the  animal  temperature,  which  are  infi- 
nitely more  important. 

An  estimate  of  the  extent  of  cutaneous,  compared  with 
pulmonary  respiration,  has  been  made  by  Scharling,*  by  com- 

^  The  pbysiological  and  pathological  questions  connected  with  the  subject  of 
"  respiration  before  birth,"  are  ably  and  exhaustively  discussed  in  a  review  pub- 
lished in  the  Medieo-Chirurgical  Review^  for  April,  1864.  A  number  of  ex- 
periments by  various  observers  are  here  detailed,  fully  establishing  the  facts  we 
have  stated.  Among  the  most  interesting  are  those  of  Schwartz,  showing  respi- 
ratory movements  in  foetuses,  when  care  was  taken  not  to  expose  them  to  the 
cool  air  or  any  other  irritation  of  the  general  surface,  p.  833. 

'  Regnault  and  Reiset  found  the  cutaneous  respiration  so  slight  in  the  ani- 
mals which  they  used  for  their  experiments,  that  its  influence  upon  the  compo- 
sition of  the  air  in  which  they  were  confined  could  be  disregarded.    (  Op,  cit) 

*  In  Milne-Edwards,  Lemons  but  la  Fht/sioloffie^  tome  ii.,  p.  636.  The  reader 
will  here  find  an  account  of  the  experiments  of  De  Milly,  Abemethy,  and  others, 
demonstratmg  the  absorption  of  oxygen  and  exhalation  of  carbonic  acid  by  the  skin. 
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paring  the  relative  quantities  of  carbonic  acid  exhaled  in  the 
twenty-four  hours.  According  to  this  observer,  the  skin 
performs  from  -^  to  ^j*^^  of  the  respiratory  ftmction. 

Asphyxia. 

The  effects  of  cutting  off  the  supply  of  oxygen  from  the 
lungs  are  mainly  referable  to  the  circulatory  system,  and 
have  already  been  considered  under  the  head  of  the  influence 
of  respiration  upon  the  circulation.*  It  will  be  remembered 
that  in  asphyxia  the  non-aerated  blood  passes  with  so  much 
difficulty  through  the  systemic  capillaries,  as  finally  to  arr^t 
the  action  of  the  heart.  It  is  the  experience  of  those  who 
have  experimented  on  this  subject,  that  the  movements  of 
the  heart,  once  arrested  in  this  way,  cannot  be  restored ;  but 
that  while  the  slightest  regular  movements  continue,  its 
functions  will  gradually  return  if  air  be  readmitted  to  the 
lungs. 

A  remarkable  power  of  resisting  asphyxia  exists  in  newly 
born  animals  that  have  never  breathed.  This  was  noticed  by 
Haller  and  others,  and  has  been  the  subject  of  numerous 
experiments,  among  which  we  may  mention  those  of  Buffon, 
Legallois,  and  W.  F.  Edwards.  Legallois  found  that  young 
rabbits  would  live  for  fifteen  minutes  deprived  of  air  by 
submersion,  but  that  this  power  of  resistance  diminished 
rapidly  with  age.'  W.  F.  Edwards  has  shown  that  there 
exists  a  great  difference  in  this  regard  in  different  classes  of 
animals.  Dogs  and  cats,  that  are  born  with  the  eyes  shut,  and 
in  which  there  is  at  first  a  very  slight  development  of  animal 
heat,  will  sliow  signs  of  life  after  submersion  for  more  than 
half  an  hour;  while  Guinea  pigs,  which  are  born  ^vith  the  eyes 
open,  are  much  more  active,  and  produce  a  greater  amount 
of  heat,  will  not  live  more  than  seven  minutes.* 

'  See  page  290.  ^  See  page  421,  note. 

'  W.  F.  Edwards,  De  V Influence  des  Agens  Pki/sigues  sur  la  Vie^  Paris,  1824, 
pp.  ni,  172. 
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The  cause  of  this  peculiarity  has  been  attributed  to  the 
existence  of  the  foramen  ovale,  enabling  the  blood  to  get 
to  the  system  without  passing  through  the  lungs,  by  those 
who  regard  the  arrest  of  the  circulation  in  asphyxia  as  due 
to  obstruction  to  the  pulmonary  circulation ;  but  this  expla- 
nation is  not  sufScient,  as  blood  passes  easily  through  the 
lungs  in  asphyxia,  and  is  obstructed  only  in  the  systemic 
capillaries. 

The  true  explanation  seems  to  be,  that  in  most  warm- 
blooded animals,  during  the  very  first  periods  of  extra-uterine 
life,  the  demands  on  the  part  of  the  system  for  oxygen  are 
comparatively  light.  At  this  time  there  is  very  little  activity 
in  the  processes  of  nutrition,  and  the  actual  consumption  of 
oxygen  and  exhalation  of  carbonic  acid  are  very  much  below 
the  regular  standard  in  animals  of  this  class.  In  fact,  their 
condition  is  somewhat  like  that  of  cold-blooded  animals.  The 
actual  diiference  in  the  consumption  of  oxygen  immediately 
after  birth  and  at  the  age  of  a  few  days  is  sufficient  to  explain 
the  remarkable  power  of  resisting  asphyxia  just  after  birth. 
The  comparative  observations  of  Edwards  on  dogs,  cats,  and 
Guinea  pigs,  show  that  this  power  bears  a  definite  relation 
to  the  respiratory  activity. 

One  of  the  most  interesting  questions,  in  a  practical  point 
of  view,  connected  with  the  subject  of  asphyxia,  is  the  effect  on 
the  system  of  air  vitiated  from  breathing  in  a  confined  space. 
There  are  here  several  points  presented  for  consideration. 
The  effect  of  respiration  on  the  air  is  to  take  away  a  certain 
proportion  of  oxygen,  and  add  certain  principles  which  are 
regarded  as  deleterious.  The  emanation  which  is  generally 
regarded  as  having  the  most  decided  influence  upon  the 
system  is  carbonic  acid. 

A  careful  review  of  the  most  reliable  observations  on  this 
subject  shows  that  the  influence  of  carbonic  acid  is  generally 
very  much  over-estimated.  In  poisoning  by  charcoal  fumes, 
it  is  generally  carbonic  oxide  which  is  the  active  princi- 
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pie.  Regnault  and  Eeiset*  exposed  dogs  and  rabbits  for 
many  hours  to  an  atmosphere  containing  23  parts  per  100  of 
carbonic  acid  artificially  introduced,  and  30  to  40  parts  of 
oxygen,  without  any  ill  effects.  They  took  care,  however, 
to  keep  up  a  constant  supply  of  oxygen.  These  experiments 
are  at  variance  with  the  results  obtained  by  others,  but  Ee- 
gnault  and  Keiset  explain  this  difference  by  the  supposition 
that  the  gases  in  other  observations  were  probably  impure, 
containing  a  little  chlorine  or  carbonic  oxide.  There  is  no 
reason  to  doubt,  from  the  high  reputation  of  the  observers 
for  skill  and  accuracy,  that  their  experiments  are  perfectly 
reliable ;  and  in  that  case,  they  prove  that  carbonic  acid  does 
not  act  upon  the  system  as  a  poison.  This  view  is  sustained 
by  the  more  recent  observations  of  Dr.  Hammond,  which  we 
give  in  his  own  words : 

"  I  confined  a  sparrow  under  a  large  bell-glass,  having 
two  openings.  Through  one  of  these  I  introduced  every 
hour  1,000  cubic  inches  of  an  atmosphere  containing  45  parts 
of  oxy<j^eu,  30  of  nitrogen,  and  26  of  carbonic  acid,  allowing 
the  vitiated  air  in  w^hich  the  animal  had  respired  partially  to 
escape.  At  the  end  of  twelve  hours  the  bird  was  in  as  good 
a  foiulition  as  at  the  coinmeneement  of  the  experiment ;  and 
wlieu  tlie  bell-glass  was  raised,  it  flew  away  as  if  nothing  had 
haj)pened  to  it.  A  mouse  subjected  to  a  similar  experiment 
also  Buficred  no  inconvenience."^ 

In  breatliing  in  a  confined  space,  the  distress  and  finally 
fatal  results  are  produced,  in  all  probability,  more  from  animal 
emanations  and  deficiency  of  oxygen,  than  from  the  presence 
of  carbonic  acid.  When  the  latter  gas  is  removed  as  fast  as 
it  is  produced,  the  cfieets  of  diminution  in  the  proportion  of 
oxygen  are  soon  very  marked,  and  progressively  increase  till 
death  occurs.  Bernard  has  shown  that  birds  enclosed  in  a 
confined  space,  from  which  the  carbonic  acid  is  carefully 

'  Ix)c.  cit. 

*  Hammond,  Treatise  on  Hygiene^  Philadelphia,  1863,  p.  351. 
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removed,  will  gradoaUj  consume  oxygen,  until,  when  death 
occmrs,  the  proportion  is  reduced  to  from  3  to  5  parts  per 
100.'  When  the  carbonic  acid  is  allowed  to  remain,  the 
increased  density  of  the  atmosphere  interferes  with  the  dif- 
fusion between  the  gases  of  the  blood  and  the  air,  and  death 
supervenes  with  greater  rapidity. 

The  influence  on  animals  of  emanations  from  the  Inngs 
and  general  surface,  from  which  the  carbonic  acid  and  watery 
vapor  have  been  removed,  has  been  shoNvn  by  Dr.  Hammond 
to  be  very  decided  and  rapid.  lie  confined  a  mouse  in  a 
large  glass  jar,  so  arranged  as  to  admit  fresh  air  as  the  at- 
mosphere became  rarefied  by  respiration,  causing  the  carbonic 
acid  to  be  absorbed  by  sponges  saturated  with  baryta-water, 
and  the  watery  vapor  by  pieces  of  chloride  of  calcium.  The 
animal  died  in  forty-five  minutes ;  when,  by  passing  the  gas- 
eous contents  of  the  jar  through  baryta-water,  it  was  shown 
to  contain  no  carbonic  acid,  and  the  presence  of  organic 
matter  in  large  quantity  was  demonstrated.* 

In  crowded  assemblages,  the  slight  diminution  of 
oxygen,  the  elevation  of  temperature,  increase  in  moisture, 
and  particularly  the  presence  of  organic  emanations,  com 
bine  to  produce  unpleasant  sensations.  The  terrible  ef- 
fects of  this  carried  to  an  extreme  were  exemplified  in  the 
confinement  of  the  146  English  prisoners,  for  eight  hours 
only,  in  the  "Black  Hole"  of  Calcutta;  a  chamber  eigh- 
teen feet  square,  with  only  two  small  windows,  and  those 
obstructed  by  a  verandah.  Out  of  this  number,  96  died  in 
six  hours,  and  123  at  the  end  of  the  eight  hours.     Many  of 

*  Bkbnard,  Le^m  tur  la  EffeU  des  Subttanea  Toxiqitet  H  MedicamenteweM^ 
Paris,  1857,  p.  116. 

'  Op.  cU.^  p.  170.  **For  the  detection  of  organic  matter  in  the  atmosphere, 
the  permanganate  of  potassa  affords  a  very  sensitive  reagent  A  solution  of  this 
substance  in  water  loses  its  brilliant  red  color,  and  the  salt  undergoes  decompo- 
sition, when  air  containing  organic  matter  is  passed  through  it.  By  the  extent  to 
which  the  loss  of  color  reaches  we  are  enabled  to  form  an  approximative  idea  of 
the  amount  of  such  matter  present  in  the  air.  The  solution  is  placod  in  Liebig's 
bulbs,  and  the  air  is  drawn  through  it  by  means  of  an  aspirator."    P.  172. 
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• 

those  wlio  iniinedlfltc4y  BurviTed  aftervrards  died  of  pntrid 
fever/  This  friglitfal  tragedy  Iiaa  tVeciueutlj  been  repeated 
on  emigrant  and  slave  sliips,  by  CDntiniag  great  iiiiiiibers  in 
the  hold  of  the  vessel  ^  where  they  were  entirely  shut  otit  from 
the  frefth  air.  This  subject  possesses  great  pathological  in- 
terest; the  efiects  of  an  insufficient  supply  of  air  and  the 
ajocmnnlation  in  the  atttioaphere  of  animal  einatiations  l>eing 
verj  important  in  connection  with  the  cause  and  preveutioa 
of  many  diseases. 

The  condition  of  the  system  has  a  marked  and  important 
influence  on  the  rapidity  with  which  the  eflFe<.*t9  of  vitiated 
atmosphere  are  manifested,  as  we  should  anticipate  from  what 
we  know  of  the  rariations  in  the  consu  nipt  ion  of  oxygen  under 
ditferent  conditions-  As  a  rule,  the  immediate  etfecta  of  con- 
flu  ed  air  are  not  as  rapidly  man i tested  in  weak  and  debilitated 
persons,  as  in  those  who  are  active  and  powerfuL  It  ha^ 
sometimes  been  observedjin  cases  where  a  male  and  a  female 
have  attempted  suicide  together  by  the  fumes  of  charcoal^ 
that  the  female?  may  he  restored  sumc  time  after  life  is  ex- ' 
tinct  in  the  male.  This  is  probably  owing  to  the  greater 
demand  for  oxygen  on  the  part  of  the  male. 

The  following  interesting  fact  is  reported  by  Bernard, 
showing  the  relative  power  of  resisting  asphyxia  in  health 
and  disease : 

"  Two  young  persons  were  in  a  chamber  warmed  by  a 
stove  fed  with  coke.  One  of  them  was  seized  with  asphyxia 
and  fell  unconscious.  The  other,  at  that  time  snflfering  with 
typhoid  fever  and  confined  to  the  bed,  resisted  sufficiently  to 
be  able  to  call  for  help.  We  know  already  that  this  resistance 
to  toxic  influences  is  manifested  in  animals,  when  they  are 
made  sick ;  we  here  have  the  proof  of  the  same  phenomenon 
in  man.  As  for  the  one  who,  in  good  health,  had  experienced 
the  effects  of  the  commencement  of  poisoning,  she  had  a 


^  A  full  account  of  the  sufferings  of  these  unfortunate  men,  by  one  of  the 
BurFiTorS)  is  to  be  found  in  the  Annual  BeffiHer^  1768,  p.  278. 
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paralysis  of  the  left  arm,  which  was  not  completely  cured  at 
the  end  of  six  months."* 

It  is  thought  that  the  condition  of  syncope  has  an  influence 
on  the  power  of  resistance  to  asphyxia.  A  case  is  quoted  by 
Carpenter  in  which  a  woman,  who  had  been  submerged  for 
fifteen  minutes,  was  taken  out  of  the  water  and  recovered 
spontaneously.  She  stated  that  she  was  insensible  at  the 
moment  of  her  submersion.* 

When  poisoning  by  confined  air  is  gradual,  the  system 
becomes  somewhat  accustomed  to  the  toxic  influence ;  the 
temperature  of  the  body  is  lowered,*  and  an  animal  will  live 
in  an  atmosphere  which  will  produce  instantaneous  death  in 
one  that  is  fresh  and  vigorous.  Bernard  has  made  a  number 
of  curious  and  instructive  experiments  on  this  point.  In  one 
of  them,  a  sparrow  was  confined  under  a  bell-glass  for  one 
hour  and  a  half,  at  the  end  of  which  time  another  was  intro- 
duced, the  first  being  still  quite  vigorous.  The  second  be- 
came instantly  much  distressed,  and  died  in  five  minutes ; 
but  ten  minutes  after,  the  sparrow  which  had  been  confined 
for  more  than  an  hour  and  a  half  was  released,  and  flew 
away.* 

This  is  simply  demonstrating,  with  experimental  accuracy, 
a  fact  of  which  we  are  all  conscious ;  for  it  is  well  known, 
that  going  from  the  fresh  air  into  a  close  room,  we  experience 
a  malaise  which  is  not  felt  by  those  who  have  been  in  the 
room  for  a  length  of  time,  and  whose  emanations  have 
vitiated  the  atmosphere. 

*  Bkrnabd,  op.  eU,y  p.  197. 

'  Carpenter,  Frinciplef  of  Human  Fhymlogy^  Am.  edit,  1863,  p.  536. 

'  Bernard  noted  a  diminution  in  the  temperature  in  the  rectum  of  a  pigeon, 
from  IDS'*  to  88°  Fahr.,  after  four  hours*  sojourn  in  a  confined  space,  containing 
782  cubic  inches  of  air.  The  animal  was  nearly  dead  when  removed.  (Zoc.  ct/., 
p.  128.) 

♦  Op,  cit,  p.  119. 
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coagulation  of, 142 
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agulation of« 149 
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office  of  coagulation  in  arrest 
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Capillary  circulation,  microscopic 

examination  of^ 284  ' 

rapidity  of, 289 

relations  o^  to  respiration,. .   290 

causes  of, 293 

phenomena  in  patients  dead 

with  yellow  fever, 296 

ii^uence  of  temperature  on,  297 

—  influence  of  direct  irritation 

on, 298 

Carbonate  of  lime, 42 

crystals  of,  in  internal  ear,. .     43 

formation  of,  in  analysis  by 

incineration, 43 

quantity  of  (table),  and  func- 
tion,      43 

Carbonate  of   soda,  quantity    of 

(table),  and  function, 44 

Carbonate  of  potassa,  and  carbon- 
ate of  magnesia, 45 

Cartilagine, 91 

Cardiometer    of    Hagendie    and 

Bernard, 263,265 

of  Marey  (differential), 264 

Carbonaceous  matter  in  the  lungs,  364 

Carbonic  acid,  discovery  of, 410 

exhalation  of^  in  respiration,  424 

influence  of  arrest  of  respira- 
tory movements  on  exhalation 

of, 425 

quantity  of,  exhaled, 427 

influence  of  age  on  exhala- 
tion of, 431 

influence  of  sex, 432 

influence  of  digestion, 433 

influence  of  diet, 435 

influence  of  alcohol, 437 

influence  of  sleep 439 

influence    of   moisture   and 

temperature, 441 

influence  of  seasons, 442 

sources  of,   in    the   expired 

air. 445 

proportion    in   arterial    and 

venous  blood, 464 

«.\>ndilion  of,  in  the  blood,. .  467 

effect  of  inhalation  of, 492 

production  oi,  in  respiration,  478 

CarlH>nie  oxide,  exhalation  of,  by 
the  lun::^  when  injected  into  the 

Moo-l.r. 450 

Cas<  Ine,  extraction  of.  etc, 86 

Caralysis,  uedniiion  of. 74 

CtH^halo-rachidian  fluid,  uses  of, . .   384 

(Thloride  of  sodium, 35 

quantity  of  (table), 35 

function  of^ . .  .-r 36 
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Chloride  of  sodium,  desire  of  all 

animals  for, 37 

effect  of  deprivation  of,  on 

nutrition, 87 

quantity  of  in  blood  almost 

constant, 38 

removal  of  excess  of  by  the 

kidneys, 88 

Chloride  of  potassium, 89 

Chloride  of  ammoniimi, 47 

Circulation  of  the  blood,  discovery 

of, 170 

general  course  of, 176 

action  of   the  heart  in  {set 

Heart), 177 

in    the     arteries    {see    Ar- 
teries),  240 

in  the  capillaries  {see  Capil- 
laries),  278 

in  the  veins  {see  Veins),. . .  801 

Circulation,  derivative, 889 

pulmonary, 840 

general  rapidity  of, 843 

rapidity  o^  in  different  ani- 
mals,  846 

relations  of  rapidity  of,  to  the 

frequency  of  the  heart's  action,  848 
Circulatory  system,  phenomena  in, 

after  death, 361 

Clot,  characters  of, 144 

Coloring  matters, 92 

Complemcntal  air, 401 

Convulsions  from  hemorrhage, . . .  486 

Coughing, 896 

Coagulation    of   the    blood    {see 

Blood), 142 

Cranial  cavity,  circulation  in, 882 

amorphous  sheath  of  blood- 
vessels of, 386 

Crystalline, 90 

Diabetic  sugar, 60 

Diaphragm,  action  of,  in  respira- 
tion,  369 

Difiiision  of  air  in  the  lungs, 406 

Elasticine, 91 

Emulsion, 63 

Emphysema,  changes  of  thorax  in,  886 
Epiglottis,  action  of^  in  deglutition,  859 
Erectile  tissues,  circulation  in,. . . .  386 

Erection,  mechanism  of^ 888 

Expiration,  movements  of, 882 

influence  of  elasticity  of  the 

lungs  and  thoracic  walls  in,. . . .  883 
muscles  of  (table), 886 


Expiration,  action  of  internal  inter- 
costals  in, 886 

action  of  infra-costales  and 

triangularis  stemi  in, 887 

action  of  obliquus  extemus 

and  intemus  in, 388 

action  of  transversalis  in, . . .  888 

action  of  sacro-lumbalis  in, . .  889 

Fats,  varieties  of,  &c 60 

composition   and  properties 

of, 61 

condition  of,  in  nervous  tissue 

and  blood-corpuscles, 62 

saponification  ofj 62 

emulsion  of, 63 

origin  and  functions  of, ... .  68 

formation  of,  in  the  organ- 
ism,    64 

average  quantity  of,  in  the 

body,     and    mechanical    func- 
tion of, 66 

changes  which  they  undergo 

in  the  organism, 66 

Fatty  adds, 62,  66 

Fermentation  of  sugar, 61 

Fermentation-test  for  sugar, 66 

Fibrin, 76 

mode  of  extraction  of,  and 

condition  in  the  organism, 77 

organization  of, 78 

distinctions     from      plastic 

lymph, 79 

— —  origin  of, 80 

function  of,  and  destruction 

by  liver  and  kidneys, 81 

Gases,  as  proximate  principles,. . .  29 
— —  in  the  alimentary  canal, ....  29 
proportions  of,  in  venous  and 

arterial  blood, 456,  464-470 

of     the     blood,    table    of 

Magnus, 468 

Gases,  condition  of,  in  the  blood, .  466 

Globuline, 90 

Glucose, 60 

Glycerine, 62 

Hsematoidine, 117 

Heart,  anatomy  of, 176 

capacity  of  different  cavities 

of, 179 

valves  of, 181 

movements  of, 188 

action  of  the  auricles, 184 

action  of  the  ventricles, ...  185 
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Odorous  principles, 66 

exhalation  of,  by  the  lungs, .  450 

Organic    non-nit  rogenizcd    princi- 
ples, general  considerations,..  27,  69 
Organic    nitrogenized    principles, 
composition,    properties,     and 
condition  of,  in  the  organism,. .     71 

table  of, 76 

summary  of  properties  of, . ..     93 

Organic  matter,  exhalation  of,  in 

respiration, 449 

Osteine, 91 

Otoconies,  or  otoliths, 18 

Oxygen,  discovery  of, 412 

minimum  proportion  in  the 

air  which  will  support  life, 414 

effects  of  confining  animals 

in  atmosphere  of^ 415 

consumption  of,  in  respirar 

tion, 416,476 

influence  of  age  on  consump- 
tion of, 421 

influence  of  temperature, ....  420 

consimiption  of,  in  hiberna- 
tion,   4^2 

absorption  of,  by  blood-cor- 
puscles,  455 

proportion    in    arterial  and 

venous  blood, 464 

condition  of,  in  the  blood,. .  466 

Ozone, 414 

Pancreatine, 88 

Pepsin, 88 

Pectoral  muscles,  action  of,  in  res- 
piration,   880 

Phosphate  of  lime  (table  of  quan- 
tity of ), 40 

Phosphates  of  magnesia,  soda,  and 

potassa, 45 

Physiology,  definition  of^ 14 

Piezometer  (note), 267 

Pneumic  acid, 68 

action  of^  on  the  bicarbonates 

in  the  blood, 446 

Pneumate  of  soda, 69 

Poisonous  gases,  exhalation  of,  by 

the  lungs, 450 

Proximate  principles,  general  con- 
siderations,    20-24 

inorganic, 26 

do.  (table), 28 

organic  non-nitrogenized, ...     26 

organic  nitrogenized, 27 

Proteine, 73 

Pulmonary    artery,    pressure    of 
blood  m, 841 


Pulse,  mechanism  of  production  of^  252 

frequency  of, 212 

form  of, 254 

dicrotic, 267 

variations  in  character  of,. . .  260 

influence  of  temperature  on,  260 

Putrefaction, •.  78 

Rennet, 87 

Respiration,  influence  of,  on  the 

action  of  the  heart, 217 

general  considerations, 853 

movements  of, 866 

frequency  of  movements  of, .  891 

movements  of  ribs  in, 874 

tj-pes  of, 889 

relations  of  inspiration  and 

expiration, 892 

relations   in  volume  of  in- 
spired and  expired  air, 405 

changes  of  air  in  (historical 

considerations), 409 

— ^—  consumption  of   oxygen    in 

{see  Oxygen), 416 

effect  of  confining  an  animal 

in  a  mixture  of  oxygen  and  hy- 
drogen,  422 

exhalation  of  carbonic  acid 

{tee  Carbonic  Acid), 424 

relations  between  the  quan- 
tity of   oxygen  consumed  and 

carbonic  acid  exhaled, 448 

exhalation  of  watery  vapor,. .  446 

exhalation  of  ammonia, 448 

exhalation  of  organic  matter,  449 

exhalation  of  alcohol 460 

exhalation  of  odorous  princi- 
ples,  450 

exhalation  of  certain  poison- 
ous gases, 460 

exhalation  of  nitrogen, 461 

changes  of  the  blood  in, ... .  452 

absorption  of  oxygen  by  the 

blood-corpuscles, 456 

proportions  of  gases  in  venous 

and  arterial  blood,. . .  466,  464-470 

relations  ofi  to  nutrition,... .  472 

combustion-theory  of, . .  478-476 

consumption  of  oxygen, 476 

production  of  carbonic  acid,  478 

cutaneous, 489 

Respiratory  organs,  anatomy  of, . .  867 
Respiratory  sounds  (murmurs),. . .  898 
Respiratory  sense,   the  sensation 
inducing      respiratory      move- 
ments,  479-484 

Respiratory  efforts  before  birth,. . .  487 
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■  I   Amatomy. — Muscular    Anntomj    of    tKo 

■  I        Home.    Bj  Jamei  L  LaptoEt,  M.K.QY.S. 

■  evo,  with  1^  WiKidcitU.    I86S.    a&  6d. 
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F,  F.  BAlLtlfeRE, 

COLLTKS    StkBET  EaJT. 

MADRID. 
BAILLY  BAlLLlfeRE, 

CAX.LB  DBI^   PniNClFlE. 


Anatomy  of  the  Exteraal  Form  of  the 
lltirae,  wiih  Kxplauatjiiiis.  Bv  JameA  L 
Lu  pton ,  M .  R  C,  V .  S,  Pa  rt  1 .,  w  i  t  h  0  Plate?, 
)ar^e  fuJio,  Price,  pkinp  ^1  11a.  Bd. ; 
IiidU  paper,  £2  Sa.  Part  I L,  with  4  Plate », 
pricct  plaiti,  15&;  Itidm  papery  20b.  TA^f 
Ptaiit  of  the  Montth  and  iJt^  «re  cohurtd^ 


*  Thii  Wmk  wili  be  completed  in  Tbr«o 
Partej  cootUtiog  of  18  to  20  Plates,  with 
ExpknatJonii  aad  ■  Toliim«  8tqw  of  Text^ 
giviD|i  tbe  Study  of  the  Exteraal  Form  of 
the  Bors«  and' the  Ph^aiolugy  of  Loco^ 
moLJoo. 

Aahley  (W.  H.)— A  Practical  TteoUffe  on 
Yeakular  H^dltids  of  tli«  UteruL  1866. 
2i.Gd. 

Atkinioii*— Fhjsici,    (See  Oanot.) 

AuetiE  (Thoi.)— The  Hillstone  Gril^,  itn 
Fonnilf  in  tho  Bristol  Diatrkt  Bvo.  with 
4  Platea,    Londoo,  18Ga,    4a. 

laadBZLi, — On  Military  and  Camp  HoBpi- 
tali,  pod  the  Itujilth  of  Troopfa  in  the  Field. 
Tranttated  by  F.  13.  Jlougb,  M.D.  l2mo 
KcwYork,  J&e2.    £a. 


Berkeley  (Eev*  J-  M^V-Introductloa  to 
Uryptogomic  BoUny*  8to.  illaitrated  witb 
127  EagraviDgab    Loodoo,  1857,    JCU 

Bernard  and  Huette.^ — IHnfitrat^  Mannal 
of  OjKirative  Snrpcn'  and  Surgicil  Anr*- 
toiia^%  Edjtt^d^  with  NuLej)  arid  AddlLbus, 
hj  fr.  H.  Van  Euren.  M.D„  ProfMsor  of 
Anatomy^  University  ^ledical  CoUege,  and 
C.  E.  Isj-iaca^  M.B.  Compklf  in  1  voL  Evo. 
with  113  coloiired  Piate^  half- hound  mo^ 
rocco,  gilt  tops-    New  York,  ISQi.     X3  in 

Biroh. — On  the  Thorap<^utic  Action  of 
Oxygen  J  with  Cm^  proTiog  ita  ftinffnlar 
EfEi'acy  in  variou!!  Intractable  Disimaoa. 
evo.     1837,     2fl.  6d, 

BaennlnghaiKeE.  —  Manual  of  Bomceo- 
pat  hie  'rh«r^pettti{.'9f  Guide  to  tho  Sludy  of 
Sfatetia  Medica  Pura.  Tramlated,  with  Ad- 
ditional by  J.  Laurie,  M.D.  Bvo,  1S48.   Pia, 

Boanninghamsenh — ^E^saj  on  the  Homeo- 
pathic Treat  icent  of  lotennittent  F^v^ra. 
firo.    New  York,  lUb,    2l  6d. 

BoiiJiiiigault. — Ental  Ecoootny;  in  its 
Kclutitm  with  Chemistry^  Phynicft,  and 
Meteorology'.  By  J.  B.  BoUBsingatiUp  Mem- 
ber of  the  Inslit^Jte  of  France,  2nd  Edi- 
tion.   8vo.  boarda.    London,  1845.    18a, 
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tkmpbelL— A  Prartieid  TcitB^jolc  oi  In- 

orginie'CbBfiiiffirf,  i including  the  Prcpara* 
iitiii  €if  RubiUn»9,  And  tbeir  QQ«1itAt[T« 
and  Qu«niltftiivfl  Anal^^iei.  with  Orginlc 
AimljJHU.  By  D,  tampbcll*  Demomtrfttof 
of  Fr*ctkal  Ch^mwtiy  to  tlii  Uoiveraity 
CoU«g«.    121130.    diiftil 

Cftutom  (A.)— The  Teeth  and  their  Pwef-r- 
Tiitiaa,  in  Infancy  and  Manhood  to  Old 
Agi*.     Vitno.  with  Woodcatt.     iM, 

Gliapia*m. — A  Brief  De»cri|rtio»  of  tJio 
Ubjir«tefii  of  Uintixli.  By  Edward  J. 
Ch«piii9ii,  ProTendr  In  tbft  iTmv^rsitv  of 
Toronto  (CiiiudA>  12mo.  with  &  PUt«». 
lUndon,  1S44.    4i, 

CiLapmKn, — Fmeticul  Mini^rftlogj;  ot,  a 
Cufnpi^iidjuin  of  the  diAtltiguiAliing  CharAC- 
tiri  tvi  Mlaermlft;  by  wbtcto  thQ  Name  of 
any  SodciM  miy  be  speidi^y  Mc«r4AinML 
tvo.  with  13  KngrmTin^ahowUig^O  apod- 
&i«ni,     London,  1S48>    7s. 

ditmtetl  Boole ty  ( Quart rtlj  Joumnl  of 
thfl).     H  volii.     »VQ,      Umdisn,    lSi8*Gl, 
Vd«,   L  In  IX.  biv^  bfi»en  r«iliii€ed  t«  B$*' 
•Mbt  voK  X  to  XJV.,  IIU.  each.    Or  in 
Qojirtf  rly  ¥m%  ptk*  8i,  ouch. 

V  Thim  Jfnjim»Ubpfitntilii|5  with  Vol  JV., 
li  now  iwnvd  Monibly,    Prit*  (tho  Ytfar), 

CrutoilMir  fttid  Bonftmy.— Allns  of  the 
hi^ifriiitive  Aim  torn  V  uf  the  Hum  ah  Iloily, 
Hy  J.  CruveUiii^^r.  With  l^l^tpliimitiinia  by 
C>  tkin«n\y,  C<»nUJnlng  «t|  iniiti»  ofOeile- 
vlof^'.  e^yiidsmoloify,  «nJ  Myoloipy.  4ttk 
i^it<iiHt«44.    rUlBiXa*    Ci»lourvdrUte<, 

Vol,  IL   (In  tb«  CtrcttlAiion  of  Iho  Blood, 
¥n&ek  T»EI«  4liK  e>oloiii^  fbliv,  ^  4it 

Tol.  Ill    On  Iht  DiMtlrt  Onmn*  iod 
Vlw!«f«i  Fnmii  T«Kt»  «oImiiwI  l*l«t«th  XS  ^ 

Omrii  (^.  F.,  HHO— Pnnri|ilo«  of  Honrao- 
pAthy*    I  voU  giro.    Loodoo,  iaS7,    $%, 

Hfty  (&*) — ClieiiiUfi7  in  iu  R^Ulion  to 
Phyflloloay  uid  Hedidtte.  8vo.  wftb  5 
coloured  PlAtet.  Umdoii,  ia60«  £U  Ee- 
ditc«d  tol^Qib 

BelBiiit. — »Pfmirtii!ftI  InstftK^tion  la.  Anixtal 
MigQettfnu    4  th  EdJtioa^  1S50«    ia.  id. 

Biok  CK.)-^01e«t :  it&  PatJwlogar  md  Tt«*it- 
meiiL  By  IL  Dick^  &LD.  6to.  London, 
185B.    Bi.  6d. 

BfjidAle  (C,  X)— On  th*  TreAtmpnt  of 
Sj|>hi]}«  And  other  DiAe^Ma  without  Met* 
cury,    Bvo,    London,  1§63.    2j^  &d. 


]hyid&I«  (G,  E.) — Ecmarks  on  tli«  Ante- 
e«dent«  and  Treatment    of  CanAUJii{itioa. 

8vo.    If. 

BumAi  atil  BotiiiiAg:&nlt.— The  Chemif^sLl 
and  Pliysjologicai  Balance  of  Ch^g^QJe  Ka- 
Uire:  an  Esaaj^  1  voL  12mo.  Lrondon, 
1844.     4b. 

Edwardi  (A. H.)— Lifo  heneath  the  W&tem^ 
on  the  Anuariutn  in  America*    1 2 mo.  bean* 

UfuHy  jllujtiniled.  New  York,  1856^  7a.  Cd. 

Ethno^aphloal  Lihrsry.  VoL  L.  The 
Native  K aires  of  the  Indian  Arrhipeljif^o. 
Papuans.  Bv  G.  VV.  EarJ.  Post  «Vft, 
Illustrated  wltli  5  coloured  Platea^  S  M^pi, 
and  Woodcuts.  Londoii,  18SS.  lOa.  6d. 
Kodneed  to  tka~ 

Ditto.  Vol  TL  The  Easajan  Rac^a^  By 
R.  Latham,  M.D.  With  a  Mitp  and 
colonml  Plalea.   1SS4   Be.  Beduced  to  Bm, 

rati*^Tb«  Aniitoniy  of  tlie  External  Forms 
cf  MaUrfor  Artiau,  Pat  mere,  and  Sculp- 
tor*. Edited  by  B.  Knox^  M.D.  Svt^ 
Te^tt,  and  2«  4io.  Fhtea.  London*  1MB. 
Plain,  £1  4a,    Coloared  £2  2a. 

Fieldiag  and  Gardner. — S^ttmn  riAnbi- 
nim ;  or  I>ra wings  atid  Dewriptioni  of  Rare 
and  Untleacribfrd  Plants  from  tho  Aiilh4>r'a 
Herbarium.  8vo.  fjondon,  1843.  XI  la. 
Eedaci-d  to  lOa.  Ad. 

FlouTtai  (P.)— On  Human  Longenty,  and 
tho  Amount  of  Lifo  upon  the  Globe;,  £4ttecl 
by  C  MarleL     l2mo.     Londoo«  IBSfi.    Sa. 

Gam^ee  (J.  S.)~Kesearch^8  in  P^thulogi- 
cal  Aitatomy  and  Clinkat  Surgery.  With 
a  Piaiea.    London,  1B56.    Ss. 

CHa&t. — Elemt'iiUiT  Treatiao  on  Physics^ 
E^tpcHm^iitul  and  Applied.  Trafifilated  on 
th^  ^Lh  Original  Edition  bf  Dr.  Atkinaon, 
of  lh«  Boyal  Mihtaiy  College  Sandhorat, 
Wiih  600  Ilttwtratiaiu.  Poat  tyo.  im% 
12a,  6d. 
{Ad(^ed/0t  tktMMo/  Cb%e«  afwl  Schoois.} 

^itlMT  and  SnlUTer. — Hlemenla  af  the 
General  ami  BI  ieroicopical  Anatomy  of  Man 
and  the  Mammalia ;  chiefly  afler  Orij^nal 
Reaeancibea.  To  which  ie  added  an  Appen. 
diXt  comprising  Keaearchei  on  the  Ana" 
loinv  of  the  IVfood,  Chyle,  Lrmph,  Thv- 
moBs  Flniii,  Tubercle,  by  a  GaUiver,  F.RJs, 
ExtK  and  an  Atlas  ofSl  Plateiu  3  Toia.  tyow 
1842.    £1  4a*    Kednc&d  to  1»«* 

CeenoT  (A-) — A  Pnictical  Treatise  on  Coal, 
Petroleum,  and  other  Dtstilkd  OIK  2nd 
Edition,  enlarwd.  lUoitrated  with  42 
Flifur**,  and  aVifw  on  Oil  Creek,  m  Petin- 
iylvania.    Bvo.    NewTorm866*    l!»«.6d. 
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©111  (J,  B,)— An  Epitome  of  Surgecy, 
J8uiol     LortdoUf  Ji@60.     It^ 

Dordon  tS*)  — A  Synopsis  of  Lpctures  oti 
Civil   Kii(jritireriiig  ami    McchaiiicA,     4to. 

Granl^^General  View  of  tho  Dint  rilju!. ion 
of  Hxtidct  Auirunla,  In  lh&  *  Itniiub  An- 
DoaJ;  lSa9.     18mo,    London^  1839.    3iL  6d, 

Grant. — OaUtnea  of  ComparatiTe  Ana- 
tomv.  BvG.  H8  Witodtcrts.  London. 
£1  8a.    Retln^^ed  to  ^1. 

GTant. —  On  the  Principlea  of  ClnjisiiSca- 
lion,  as  applied  In  the  Primary  Divis^tons  of 
tlie  Animul  Kin^dmiu  In  the  '  Hniish 
Anniml/  1838,  ISnio.  illustriited  with  £8 
\V<^k]<:uU.     London,  iBStt.     d&.  Od. 

(Jnliaiii.  ^^  Element*  of  Cboniistry;  in- 
due! ing  the  appUejition  df  ibe  8cienee  in 
the  Artfl.  Bv  T.  Grjiham,  F.K.S-  L  &  E  , 
M aster  of  the  Xlmt.  2nd  KdiLion,  revised  and 
enlarged,  iUuatrated  with  Woodcuts,  2  vols. 
Svo.     £2. 

Ditto,    YoL  IT,     Edited  hv   IL  WkU$,. 
M.aS.    Separately.     1B67.     £L. 

OiMteit  (Tbo)  of  onr  Sooial  EvlU  :  Fros- 
tittitmn  a^  it  now  existj^  in  I*(>ndjn,  Liver- 

EooU  Manchester,  Gljwjcjow,  Edinhurgh^and 
^nhlin  ;  an  Inquiry  into  tho  Cause  and 
Me/ms  or  Ecf^rmation^  ha^od  on  Statisitif-'al 
PocMmeinta,  By  a  rhysieian.  I2nio. 
Lnudon,  1857.    ds.    Hoduccd  to  3»<  0il. 

Halm&niAltBi — Le^^er  Wri  tings.  CrjUrrcted 
nnd  Tranalated  by  It  E.  DuJgedi].  Bv^Q. 
LondaOf  I8a7,    £1  1& 

E&U  (IC&TshftU).--On  the  Diaeaeea  and 
Derangement 3  of  th«  Nervons  5yil«nit  in 
ibeir  Primary  Forms,  nnd  in  their  Modifi- 
cntu»n4  by  Age,  SeT,  Constitution^  Heredi- 
tary PrediipositJon,  Excesaes,  G^sneral  Dii- 
Ofder,  and  Organic  Disevae.  8vo.  with  8 
Engraved  Pliite^    London,  1841.    15a. 

HbIL — On  the  Mutual  Relationa  between 
Anatonay,  Fhysioloffy,  Pathol  ogv,  Thera- 
penticSi  and  the  Fractiee  tif  Medicine: 
Wng  the  GulstoDian  Lectures  for  1842. 
fivo*  with  2  coloured  TlfiteB  and  1  pluo. 
London,  1842.    os. 

HftlL — New  Memoir  of  the  Nervous  Sjs- 
tem,  True  Spinal  Marrow,  and  ita  Anatomy, 
Fhyaiology,  FaiboLogy,  and  TlicrapeuciL's. 
4to!!  with  5  Flatc*.     LoBdon.    £L 

Hamilton.. — A  Quido  to  the  Practices  of 
Homoeopathy.  Tmnalated  ind  Compiled 
in  Alplmht^iicjil  Order  from  tho  Gcmian 
of  Kuoff*  ilaaa,  and  Rut^kert,  with  Addi* 
nm^    1844.    5a* 


HajnUton." Flora  HomaKjpathica :  or  Ultis* 
trAtions  and  Deacriptions  of  lb©  Plants  nsed 
as  Homajftpatliic  Hemetliea.  2  Tola*  8vo. 
with  eO  coloured  Plutea.     iSSl.    M  lOa. 

E&miUon Pmetical  Treal:i»e  on  MiHlury 

Surgerv  and  Elygiene.     8ro.  with  127  En* 
gravitiga,    New  York,  1865.    £L 

Hooker.— Iconea  Plantarum.  By  SLf  "W. 
J,  Hooker*  New  Seriea.  Vols.  L— tV.» 
conUining  100  Platea  each,  with  Explana- 
tion a.  Svo.  cloth.  London,  1842-1^  4 -L 
Each  voU  £t  8i,    Reduced  to  !<**. 

Hooker. --The  London  Jourmil  of  Botany* 
Vols.  I'-VL,  with  24  Pjatoa  ench,  board*, 
Itti2-1847.    Now  reduced  to  jg*. 

Hookflr.— 'Niger  Flora ;  or,  an  Ennmnra- 
lion  of  the  Fknta  of  Weatem  Tropical 
Africa,  CoUectpd  by  the  lata  Dr.  T  Vngel, 
Botanl&t  to  the  Voyage  of  the  EKpedition 
mnt  hy  Her  Bp tannic  Msjeaty  to  The  Kiver 
Niger'  tn  1841^  including  Spkilegia  tior- 
eouea,  by  P.  B.  Webh,  and  Flora  N I  grit  linn, 
by  Dr.  jC  D.  Ilooker  and  Goor(;e  J^mtliam* 
With  2  Viewa,  a  Map,  and  Or)  Flalea.  Bvo, 
London,  1849,  £1  li.  Ke^luced  to  laa,  0<1. 

Hooker.  —  Notci  on  the  Botany  ef  the 
Antarctio  Voyage  conducteil  hv  Captjdn 
Jamei  Clark  6o*s,  R.N*,  in  H.M",S.  EritbuM 
and  Ttrrori  WJth  UbAervationji  on  the 
Tuaaac  Gra»  of  the  Falkland  hbads*  8vo* 
With  %  Pktes.    London,  1843.    4s. 

Hor»e  (Sr«  Anatomy  of  the), 

Hufel&nd* — Mannut  of  the  Prftetice  of 
Jdedicice;  the  Reanll  of  Fit\y  Tears^  Em* 
p«rienco,  Traualaled  by  C*  Bruchhau^n 
and  R.  Nelaotu  3nil  Edition.  8vo.  London, 
1856.    T«,6d* 

Hulme  (E,  T.)— Contributiona  to  Dental 
Fatholoey.  Calcifieatioii  of  the  Dental 
Pulp.  Thru*  Lecture*  on  the  Diaeaaes  of 
the  Danlal  Pedoateum,  3  Ptateo.  8vo. 
London,  1862*    *ia,  6d* 

Hnmboldt. — Kosmoa  :  a  General  Survey 
of  the  Physical  Phenomena  of  the  Uiii'^ 
v^rae.  The  orj^^inal  Eng,tish  Edit  ion*  2  vQlut 
post  8vo*     Keduced  to  111*.  Hd. 

lihorwood  (B*  E.) — Engineering  Pr**ce* 
dodts  for  Steam  Machinery:  embracing  the 
Ferformancea  of  Steamahipa,  Experiment  a 
with  Propelling  Inatrumenti,  Gondenaer», 
Boikrs,  &c„  aecompanied  by  Analyfl4»  of 
the  name;  the  wboie  being  original  mat- 
ter, and  arranged  in  the  most  practical  and 
umM  manner  for  Kngineenk  2  vota.  8vo. 
With  Platea  and  Tables,   New  York.    Ifia 
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Evmti, — A  Oompkto  CoUrBCr  of  Metrror- 
Cilogv^  With  NolPfl  by  Ch*  M«rtt«s  i*nd 
fto  Appendix  by  L.  Lnlitntici,  Trmij^Iated, 
with  Additione^by  C»  V.  WAlker.  Posi  8vo* 
With  15  Flutes,    12s.  G4 

Knox  (B.) — Miox ;  hii  Slructtine  and  Phj- 
tk»lrj|rT»  populliirly  expluned  and  dumon* 
Blrated,  l>v  iUh  Aid  of  H  «>c*viible  diwL=cted 
CfjlouT^d  t'ltttes  mid  Ti  WfKjdcuts.  2nd  Ldi* 
tlon*   reriaed.     t*fi*t  6yo»     London,  1858, 

*,*  Till*  wttrk  !■  trtittcfli  «i|)eekUy  for 
the  ujie  of  Stufitsnti  who  intvnil  gmduAling 
jn  ArU  At  the  Engliih  UmvtmitVM^ 

XatlL&m  (B.  G.V— The  Kadv^  Racrs  of  thfi 
KouiBn  Empire.  iSmo.  With  a  Map  and 
coloured  Fkt«s.    Londoin  1854.    b^ 

LebaTidf. — Tlif'  Anutoniy  of  the  B^gionn 
jni<srPAted  in  tho  Sarfrical  Opemliooft  per- 
fr>rmcct  ttpon  tho  Ilunmii  Botly  t  with  OecA* 
jtjonnl  Vkwn  of  the  rath(ih^fi;icAl  Condition 
whkh  rtihder  the  intcrffrtsme  of  the  Sur- 
jceon  Qercneai  V.  24  J:' lutes,  Fulia  Lonilitn^ 
1843,    £i  Ul 

Lee, — Tliia  Anatomy  of  the  KerTea  of  the 
I'lenifi.  Folio,  n^ith  ^  PUteiL  Londunf 
13546.     89. 

Li«biff,— Chemistrj  and  Phydf«,  in  rcla- 
licrn  10  Phvuioloi^y  and  Futliology*  Sfnd 
Kdllion,  8vo.     London,  1847.    M. 

Loblii — Cnmiivo  Treatment  of  Panily^i^  And 
KciiraliiCia  vi.  ilh  the  aid  of  Galvanism.  12u)o. 
2  ad  EdiiioQ.    IS5&.    &9, 

Lnpton. — {Set  Aaatomj  of  the  Horee.) 

ICaftsy. — Aualyticul  Ethuoh'gr  j  the  Mixed 
THbu*  in  Great  Uritain  and  Irelund  Kxn* 
niiDt-Hi,  and  the  Pohtical,  PhViU'nh  and  Ale- 
(a|)hy:iica1  Blundering^  on  tho  C«U  And  the 
Baxouexposedi     l2nio.    Fl«ies»    5a. 

Jl^moirs  of  Ihfi  Literoij  and  Philo6ophTi-al 
J^ocit^tv  nf  Man  cheater*  3rd  Series*  Yot.  L 
^vo*  or  Vol.  XX.  of  the  Collectioji*  With 
V\  ooilcnts  and  PiftteiL     London*  1862*    £U 

Uiera  (J*  )^llliiBt  rations  of  f^nth  Am  mean 
inaat-i.     2  Yo1a.4to.     84  rliite*.  £^  14s 
Ditti>*  Vol*  n.  42  Pldtea.  1857.  XI  17s. 

Mitohell  (!*■)— Mfmnal  of  Pmctical  A«isay* 
jng,  iivt«ndefl  for  the  u^ei  of  Metal  in  rgiut% 
Oaj:>(Hina  of  Minei^,  and  Asstiyers  in  Gentsra]* 
Wilh  eopifl'Uii  Tahlea,^  for  t\w  purpose  of  tm* 
cerf  Mining  in  Assay t  of  Gold  nnd  Silver  the 
preeiae  Aoiount,  in  Onnces,  Penny  weigh  t*, 
and  CfTAinsr  of  noble  metal  contjtiiied  m  one 
ton  of  Ore  from  a  givt^ii  quantity.  *2nd  Edi- 
tion,  ^vo.  mueh  enlarged^  witii  ^GO  lllnstra- 
tioiii*    London^  l£d4*    £1  la. 


Kilchell  (J.)— Trfatij?e  on  tho  Ad«ltera- 
tlons  of  Food,  and  the  Cheniical  Heana  em- 
phjr«d  to  detect  them,  ContAJmn^  Wnter, 
Ploiir,  Bt^&6j  Milk,  Cfeami  Beer,  CiJer* 
Wines,  Spirituoaa  Liqaont.  Coffbe,  Tea,  Cho' 
eolfl!e,  Suj^ar,  Hone>,  Ln^engea,  Ch««ae, 
Yinegar^  Pieklcs,  Anrhovy  Saaee  and  Pa^te, 
Catjiup,  Olive  Oil,  Fepper,  Muetard.  12m  a. 
184a    6fl.    Redaced  to  a*. 

Moqiiiii-Tandoii,*-ElemeEt5    of     jVfedieal 
Zoology  J  aI>eicription  of  tho  Animnl"!  M«e^ 
in  Medici  new  as  well  aa  of  tho- 
which  are  It^Jtiriomto  or  are  Foj  ;* 

Man.    Edired  by  R.  T,  Hulttie,        L 

lllusitratiDna.     I&t51*     12b.  64 

Morean  ( Profoiior).^Ieoces  ObfltftriCTe: 
»  Series  «f  60  Flatea  and  Text,  illnstrativfl 
of  the  Art  and  Sdene*  of  Midwifery  in  all 
iu  Branch ea,  13 v  M,  Sloruftii,  Profeajtor  of 
Mi^lwiferv  to  thel'^aeuUv  iif  Medieiue,  l^aris. 
Edited  ly  J-  S.  Streeter,  M.K.C.S.  FoUo. 
1841*    Ptatu.j£as^ 

Morel  tC) — Compendium  of  llitmati  TTis- 
ti>U>gv.  Kdiied  bv  W*  U*  Yun  Buft?n»  ALD* 
8vo.  with  28  Platea.   Ktw  York*  i86L  lia, 

Mueller  (F.)— Fmpmenla  Phytogmphiae 
Anstralifl^.  3  rola.8To.  with  Platea»  Mel- 
bo  sime,  1860-64*    £2  Hf. 

Mueller  (F.)— The  PkntB  Indigf^uottn  to 
the  Trdony  of  Victoria.  Vol*  L  4to.  TAa- 
hmijlttrtr.  With  23  Flatea*  Melbourne, 
1860-62*    £^^a. 

MolleT*—  PrineipleH  of  Phvmca  and  Mi»te<»r^ 
oVy.  By  J*  duller,  M*D.  lUustmt^  witli 
'       ■"     Lutaaiid  S  colour^  PUtas-    8vo* 
-17.     18s, 

New  man  ( G  eorgo), — ^Homtfiopathlc  Fam  ily 
Aasiatant,  3rd  Edition*  IStno*  1859*  3s.  Gd, 

SichoL — The  ArchiU^ctnro  of  fhe  Heavens. 
By  J.  p.  Xicholf  Profeasor  of  AstrDdomy  in 
the  University  of  Glaiigow.  Bih  Editioii^ 
entirely  revised  iutI  pcreally  enlarged.  II- 
last  rated  with  23  3teel  Engravinga  and  nu* 
meroua  WoodcnU.  Bto<  Londan,  18^1*  Itia, 

jToegferatli  and  JacoM* — Contribnticma  to 
Midwifery^  nnd  DiaeAaea  of  Worn  en  noit 
Childri^n  ;  with  a  Report  on  the  Frp^roie  of 
Ubiitetdc^f  and  Uterine  and  Infantile  Pn- 
tho  logy*    8V0,    New  York,  1658.    I5^a» 

Borria  (£,) — {St€  Elhnogniplucal  Libmry, 
and  Ffichard.) 

Otto  (J*)^MunnAl  of  tho  Det«ction  of  Foi- 
Bona  by  Medieo-ChemicAl  Analysia.  By  J. 
Otto,  ProfeB«or  of  t'tt^^miatry  in  Bjunawjrk^ 
Germany,  VVtth  lIluBtrationa.  Pimo.  K«w 
York,  18  AT.    6a. 


* 
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K  BAILLI^RE'S  FUBLlCATlONa, 


Owen  (1.)— Odontography  ;  on  n  Treat i^ 
on  tlie  Comparalivo  Anatomy  of  the  l'««thp 
tilt  If  Physiol  ogi*>al  RdatioaSp  Mwl«  of  D*- 
vfilopmcMil,  and  Micfiwwpica!  Strticture  in 
the  Vertehrate  AnJmaU  Thb  splcsnilid 
work  i«  now  completed.  2  vols,  royal  Svo^ 
containing  IM  Plate^  half-bound  niaaia* 
LoDdoDf  lMU-45. 

Phillipa  (B.)— Scrofula ;  Its  Nature,  Prpvu- 
lenee,  Caoaes,  and  the  Principle§  of  Tr<jat- 
meftt*  Bvo,  with  an  Eii|?jav6d  Plate, 
LondoD,  18i&    12s.    Hedaoed  lo  da. 

Fietr&  Santa,— The  Climate  of  Algii^ra  in 
fpfereiiLe  lo  the  Chrtinic  affections  of  th« 
Cheitt.  Bcbg  a  Report  of  a  Medieval  Mltsion 
to  Algeria,    London,  1SG2.    la.  Cd- 

Praamber'fl  (TKe)  Complete  Handliook. 
(5ce  Trouaaejiii.) 

Piielimrd.— SixEthnograpliimlMRpi.  Sup. 
plement  to  the  Xatural  History  of  Mnn^  and 
to  tha  Keseanh^^s  into  lh«  Pliy Filial  Hislory 
of  Mankinds  Folio,  coloured,  und  1  she*t  t>f 
ItitterprvoL    Snd  Edition.      London,  IB60. 

PricliaTd. — On  th<?  Diff^fent  Forms  of  lu* 
ianitv,  in  relation  to  J  ktrisprttdenc«.  li^mo. 
London,  1842.    5a, 

PricliaTd  (J*  C)— The  Niitural  Rhiory  of 
Man  ;  i'o  m  pr  i  sin  g  I  n  q  ui  ri  e.4  i  nto  t  he  Mod  I  fy  * 
in^r  Influences  vf  Physionland  Mural  Agen- 
cies on  tlie  difTereiit  Trihea  of  tbe  UuniCLU 
I'amily.  4th  Edition^  rovi&ed  and  enlarged, 
by  EdwinNorriaiof  tbe  Hoyal  Aaiatic  Society. 
With  G*i  Piaies,  coIo u red,' enfjraved  on  Steel, 
and  li>0  Engravings  on  W'ood.  2  ¥ola.  royal 
8  vow     1^55.     £1  Itifl, 

Qnekatt  (I.)^Practi<'al  Tr^tta«  en  the  nao 
of  tlie  Mierosrope.  Hlufltrated  vfhh  II  Steel 
Plateis  and  3<h)  Wood  ErtijravinfjjL  Brd  Edi- 
tioUj  8vo.    £L  la.    Hoduiced  to  i'2a  0d, 

Quelratt  (J.)— Letfturras  on  Hiatology,  deli- 
vered at  the  Hoyal  Colla^je  of  SurjofeonB  of 
E n>;l and —  E I ern eii %a fy  Fi -^ uea  of  Pl AtlU  an d 
Animals.  On  f  tie  ^Struciu^«  of  tlie  Skeletons 
of  Plant*  and  Inveftebratc  Animals.  2  vols, 
avo,  liltiai rated  by  840  Woodcuia.  London, 
1852-H>-L    £1  Us.  Gd.     Reduced  to  I*a, 

iayar  (P.)— ^  Theor*!HMl  and  PmeticaJ 
Treutiaa  on  the  DIaeAee§  uf  the  Skin. 
Trantlated  hy  H.  Will  is,  M.D.  l*nd  Kdition^ 
remodelled  and  umeh  ettlarged^  In  1  thiek 
vol.  BvQ.  with  At  Ins  royal  4tti.  of  *i(;  coloured 
Plaie*, exhibiting 400  varieties  of  Cntancotia 
Aflectioas.    £4  Ba. 


Bioliajdflon  and  Henry  Watt*,— Ch^miitry 
in  ita  Application  to  the  Arta  and  Manufac^ 
tur^a.    SrOb     Fwd  and  Um  Appikatim$, 

Vol,  L  Parts  1  and  2,  contain  Fuel  anil 
its  Applicationa,  Profusely  Illufttraterl  with 
433  small  Engravitjgs  and  4  Plate*.  £1  Uis^ 

VoL  I.  Part  3,  contain!  At^ids,  Alkalirs, 
Balls,  BoA\\  Soda,  Railwav  Grease,  StCn* 
their  Manufacture  and  Apfiftcationfl.  With 
numerous  Illuatrations.     li^Qk    £1  13s, 

ToL  L  Part  4*  eon  tains  Phoaphorus,  Mi- 
neral Waters,  Gunpowder,  Gun  Cotlou,  Fire 
Works,  Aluminium,  Lucifer Mttteljes,  With 
Illustrations,     imh.    £i  U, 

Vol  IL  contains  Glass,  Alum,  Prtttene?, 
Cements,  Gypsum,  fitc  With  aumeroua 
lllustrationa.'    £t  Is. 

VoL  111*  contains  Pood  generally,  Breud, 
CheeRc,  Tea,  O^ffee,  Tobacco,  Milk*  Su^nr. 
With  nu»4<^rrmB  Jlltistrations  and  Coloured 
Plates.    £1  2a 

•,'  The  Authors  of  this  Edition  in  thdr 
Preface  say:  *So  rapid  has  been  the  jjrnwih 
and  so  great  the  development  of  the  Lranehes 
of  Manufacture  more  intimately  ixmnected 
with  Fuel  that,  in  preparitvg  •  Second  Edi- 
tion, we  have  found  it  nei-essary,  not  only  to 
re* write  much  of  the  original, but  to  extend 
m  considerably  the  limits  of  the  first  group 
as  tooccupyibft  efllireof  thifl  vrtlnme»whk-li 
mav,  thereiote.  with  far  greater  pntitriety  Iw 
calfed  a  New  Work  than  a  Second  Edition.^ 

Eflielienljaqh.—  Physico-Pbysiologic^il  Ru- 
searches  on  tlie  Dynamics  of  M<ip:netism, 
Electricity,  lleat,  LiRht,  Cryttalli nation, 
and  CheniiRm,  in  their  Ridations  to  Vital 
Force.  2ud  Edition,  with  Adiliiionti,  Pref*ii!(^t 
and  Crilical  !vt»tejs  by  Jolm  Ashburiier,M  D, 
Svo.  with  Woodcuts,'  and  I  Plate.  Loudon » 
1B50.    15s. 

Eeid.  —  Rndimonti?  of  Chr^mistry,  /with 
Illuiitratsona  of  the  Chemistry  of  Daily 
Life.  4th  Edition,  with  laO  Wooden tsu 
ISmo.    1850.    2e,  U, 

Eegnanlt*— An  Elementaiy  Treatise  on 
Cr>'8 tonography,  ill uat rated  with  108  Wowl 
Eiigravings.     fivo,     l«4a    3it 

BioliaTdjoxL. — Geology  for  Beginners;  com- 
prising a  Familiar  E*^fK>aition  of  the  ¥M* 
inents  of  Geology  and  its  Associate  Sclem^es, 
Minemlogy,  Fossil  Conchotog^y,  Foajsil 
Botany,  and  PalaHmtology.  2ud  Edition, 
8vo.  with  251  Wwdcuts.     lOs^fld* 

Bicliardaon  (1,)— Medical  History  nnd 
Treatment  of  DisiyUM-S  uf  th«  l>elh,  and 
tbe  adjacent  ftructiiroa.     ^vu.    Ss^ 
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H.  bailliMfs  publications. 


Hay  ^Thoi.)— The  Complete  Writiagfl  of» 
c»ii  the  Concbdogy  of  the  United  StAte«. 
Svo.  witli  7S  Plstosi,  half* bound,  Kew  Torlt* 
Coloured,  £2  1UjL|  Pldti,  £1  5e, 

Bay  fTlLes.^^Tlio  Cora  plot  a  Writmgs  of, 
on  llio  ICntomob|:^y  of  Xoflli  Ain«rica* 
Edited  by  J*  i-e  CoJiie,  with  a  Memoir  by 
G,  Ufd.  '6\Hi.  with  54  cobured  Plat«B.  2 
vok     New  York.  1^59,    £i. 

S«hl©iden.  —The  Plant .  a  Biogmphj,  in  a 
Seri&i  of  FourlMn  Popular  Lecturea  on 
Botany.  Edited  by  A.  Heafn^v.  2iid  Edi- 
tion, iro.  with  7  co!ou.ri^4  Pfatea  tttid  IG 
Wutidcutf,    London*  1850^.     15fl. 

Shuckftrd.^Elpmentfi  of  British  Entomo- 
logy.   P*rt  I.    1  &3V,    8vo.  with  Fi^mret. 

Stmckftra.— Essay  on  tbi^  Indigtmons  Fm- 
MurJal  Hymenopteri;  coraprising  a  Dpsmp- 
tion  of  "the  Britifih  Spectea  of  Bttrmwing 
SAnd  Wuflpa  c^ntaltied  in  nil  t\m  5lQiro* 
wUtan  CollecUoiiA^  with  their  1  la  Id  la  a  a 
far  as  obaerved.  8vo.  with  4  Pial^. 
(fMutci  L  IS  wanting.)     lOs. 

SLmpAOu  (M.  D.)  —  Practical  Virw  of 
Humcuopathy.  €vo.  Loiidtjii.  183  G.  10**  Od, 

Smith  (6,  B,)— Diagnostics  of  Aural  Bi* 
9iciiA&,  fivov  II lu^t rated  with  a  Pkte  lud 
22  Woodcuts     LonduHf  iB6L     Ba.  6d. 

Smith  (Stephea)— Hniidlvo(jk  of  Surgical 
yperdtiona,  t2Dio.  ^ith  257  Woodcuts. 
Ncfw  York,  iSdo.     Ba. 

Stan  and  th«  Sartlt— The  Stain  and  the 
Earth  I  OTt  Tbou^bU  if|>an  Bpace,  Tnnej 
and  KternJCy.  lOth  Thouiand.  18tno.  Lou- 
dojif  1862.  dloth,  li.  4d.,i>r  paper  covefp  la. 

BtoTeiii(W,) — Ob^nrationi  on  ibi*  Niituro 
md  Treatment  of  the  AiiaUc  CbelenL  @vo. 
London,  lBd3,    lOe, 

Stoqlthardt*— Chemical  Field  Lecture®  for 
Agri^'uJtumta.  Ttanalated  from  the  Ger* 
mun^  with  Kotes.    12me.    18o3.    4a. 

Teste.  —  A  Practical  Mannal  of  Animal 
Bfngneiiflm ;  containiuj^  an  KKpoaitien  of 
the  MethfMJqi  emploji^d  in  produdnn  the 
Miiiroetic  Phenome'na,  with  lifl  Application 
to  the  Treat  went  and  Cure  of  Di^aaea. 
IVanslatcd  b}^  U,  Spillan.     ]8mo.    Cs. 

TlioinsOii. — Cliemistry  of  Oiganic  Bodies 
— V  ef.'^fftAb  lea.  By  1  bomae  1  boin«<m,  H,D.t 
Kk,S.  U  &  R  Hvovpp.  M92.  1838.  £1  4s. 
Keduced  to  l^a. 


Tuwusbead. — Facta  in  Me5tnm*m  ;  witb 
Kt^dsoiis  for  a  EJispassioiiaie  Intiiiry  into  it* 
aro,    »a. 

Ttoupieati  and  EtveiL^Tbe  Preacriber's 
Complete  Htindbouk  to  the  PriDcipl«K  of 
the  Art  6f  Preacribingt  with  a  Li»e  of 
Diseases  and  thi^ir  ii^niedic.^,  a  Materia 
Mediea  ef  the  Medicine.^;  emploveil  rln*^- 
ieti  acconlini^  to  their  Natural  Famitieit, 
Mrith  their  Properlica,  Preparation &^  and 
Uueii,  and  a  Sketch  of  Toxicology.  Edited 
by  j;  B.  Kerliuw  HD,  l^S.  2ad  Edition. 
Huan,  limp,  Gs.  &d. 

Turnbull  (L.)— Electro-Magnetic  Tifle- 
ETiipU;  with  an  Hisiorical  AceounL  2nd 
KtUtion.     Bvo.  with  Plates.     1853.     1 2s, 

ITiiity  of  Medicine — (The),  its  Comip- 
tions  nnd  Diritions  aa  by  LAW  Efta^diitbed 
in  England  and  Wale* :  with  their  Causes, 
EfTectBi  and  Kemediea.  liy  a  Fellow  of 
the  Royal  OoUege  of  Surj^eona.  @vo.  witb 
a  coloured  Chait*    London,  18&8,    7s. 

Vogol  and  Bay.— The  Potholotg^cal  Aira- 
loray  of  thu  ITumitn  Bwly,  Tranalatet!,  with 
Additions,  by  G.  K>  !>ii)'.  Illustntted  wiib 
100  plain  and  coloufi!d  Kn^aving^.  8vo. 
1847,    iSi.    BeducetUo  lOa. 

Waterhutiit,— A  Nntuml  Hbtoty  of  thi* 

MuTTimnUa  :   Mnifliipiuia  or  l'*iucht'd,  ajid  of 
tlk^  Hoikmia  or  Uiirtttinn  Animala.    2  YoU. 
8vo.    Culoured  Plates,  <0  Of. 
Plain,  £2  ISs. 

Weisbaoh  (J,)^Pritidplei  of  the  Mecha- 
nics of  Machinery  tind  Engineering.  2 
ToJi  Byq.  illustrated  with  i^OOiJ  VVood  En* 
j;  ravin  (^s.     London^  18'iB.    £1  19a, 

Williams  (B.) — Eli^tncnts  of  MmliciDe  : 
Murliid  Poisons,  2  vols.  Svo.  lS3t;-4i, 
£1  (ta.  6d.    Heduced  to  l^o. 

VoLU.    1S4L    18s.    lieducedloS*. 

Wlllif. — iBustratitms  of  Cutaneous  Di- 
sea&k^  A  Ben  PS  of  UullneaUons  of  A  flee - 
lions  of  the  Skiu  in  their  uiaro  Ircqofut 
form.  9i  col  Platea    Folio.  1841.     X8  8s. 

Wilmotl — Qlyccfiti  and  Cod  Liver  Dit ; 
their  History,  Introduction,  and  Tbcra- 
peutic  Value.   12inOp   Loudon,  18^9.  3a.  6d. 
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n.  BAILUilRE'S  LIST  OF  lATE  AMERICAN  BOOKS. 

AMERICAN 
SCIENTIFIC    PUBLICATIONS. 


Mr,  C.  E.  BADXlfeBE  offem  M&  iernces  to  the  Pr>feBflion  And  the  Public  for  tli©  Mkg 
of  ordeJPs  for  Ameriona  Books. 

Having  just  petttrned  &ft«r  a  pesidenee  of  fifteen  jeart  m  New  York.  duAng  vWch  tims 
he  WH9  pugug^l  ezduslrelj  in  ihe  Scientific  Buok  l>UBtrte8af  he  is  ecabli^fl  to  gt?e  full  in- 
formation relatives  to  American  pubHcationa ;  and  having  bin  own  est:iibli:shnient  (not  nn 
ageney)  in  New  York,  he  can  promise  a  prompt  and  fajthftal  execution  of  all  orders  en- 
truated  to  bim. 

GeDtkmeu  about  to  Pubtiih  in  an  j  of  the  depiutitienta  of  Scieo^  and  wuhrng  to  find 
an  Amencau  outlet^  are  i^uested  to  communicaite  with  him. 


EEDUCTIOH  IN  THE  PRICE  OF  AHEEICAK  BOOKS. 

Mr.  BAOXtiBX  will  be  happy  to  Mi^cut^^  orders  for  Aiseneau  Bookii  at  the  mt«  of 
4i.  £4.  to  ^liQ  DoIIat  nott  Ciiah, 


Adami,  —  Contribntious  to  Concholdigy. 
Yoi  I.  (all  publiahed).    SvO.    IS4. 

AltaSBiEt  L.^Contributiou^  lo  tbe  Natnral 
Hiatoiy  of  th^  United  States.  Yob.  L  to 
I  v.    4io.     Boston.     Eacb  £2  2^ 

Americui  (T!ie)  Journal  of  Insanity.  Edited 
by  the  Officers  of  the  New  York  8t«(e  Lu^ 
nalic  Aivlmn,  Utka.  12  vols.  Svo,  doth, 
bMrda.  'Uticft,  1644-5^,    £7  4a. 

American  Higtorical  and  Litt'Tary  Cunoid* 
ties.  Coimi^ting  of  Fac-slmilei  of  Docu- 
fnetits  relating  to  the  RevolulJon,  &c.  Fir»t 
aiid  S«cond  Scries.  4Ui*  New  York*  Each 
XI  128, 

Am^rioan  Association  for  the  Adrance- 
m«nt  of  &€icnce-*Frocceding3  of  tbe^  Yots. 
1  to  U,  PblUdelpbia,  te4atol8&0.  M  lOi. 

ATOrioan  Jouruid  of  Dtmtal  S<'ience,  New 
Series,  Y0I9.  IL-IX  Neat  Half  catt  IJvo. 
Vi^ryKarce.    PluladelphlA,  1S51^».    X9. 

Amariean  Journal  of  Conehology,  Pub- 
iifllitid  in  Quarterly  Numbers  of  about  ifJO 
pagfiA  each,  WJtb  'S^tm*  CfHiducted  by 
G.  VV.  Tiyou.    New  York.  1865, 


AmaTioan  Medical  TSmM  (The),  Edited 
by  a  Smith*  1^60  to  18^.  8  rols.  UtK 
in  clotb^  boards.    New  York.    £2  Is. 

Australia. — A  Complete  Description  of  the 
whole  of  the  Colony  of  Victoria.  Wilh  new 
Mflp*  The  itioat  recent  and  accurate  ttifor- 
mation  as  to  every  TownBliip*  Viliagei,  and 
liaiuJetj  everj*  RiTor,  Creek,  MoiintJSJi>t 
Lake,  Gold  fields  Road,  and  lUiJway  iit  Vic- 
toria; with  itA  Botauieal,  Geological^  and 
Physical  features ;  the  diviBiou  of  the  Colony 
intoCounties^  Ridings,  and  Elet^iorsil,  I*olico, 
Squatting,  Mining^and  Munidptil  [Jintrji^tsi 
the  Natne$,  Ariea#,Ck!CQp*er5*Poaiiio«  near- 
e»t  post  Town,  and  graziag  capabditiei  of 
all  the  Squatting  Stations,  and  the  best 
meana  of  iracliing  them.  fivo,  pp.  442, 
doth.    £i  iBL 

Saird. — ^Mammala  of  North  Am^inea,  De- 
scrifitions  of  Specie*,  baited  rhiefly  on  col- 
lect ions  of  £hi3  Mitseum  of  Smithsijaijin  In- 
stitution*  4to»  'Gi  liHgis,  aud  i&J  riates 
Fbiladcipbia,  iS&9,    £i  iB. 

Barton.^ — The  Causo  and  PreTenliou  of 
Y'ellow  Fmet  at  New  Oi-leam  and  other 
Cities  ia  Arai^riea,  Srd  Kdltion,  §vo,  ^itb 
Mnps.    New  York,  18&7,    Ta  B4 
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Be^kt  T>  B. — Eleraenta  of  M<'dirt*l  Juris- 
prudcnen.  13lh  Editioii.  By  C,  IL  Gilmui, 
2rols.dvo.     PhiladelphU*    Xi  iOi. 

Bedford.— Pnneiplm  and  Prftt-Liee  of  OV 
At&tflc».    Srci  Edition.    Bvo»     imL    £U 

B«dford.— The  Di9<*ii«e«  of  Women  imd 
Cliililran.     rUi  Edilion,    Neir  York,     l€i. 

Ball  (A.M.)  — A  KoftMedg©  of  LiTuig 
Things,  wilb  the  Laws  of  ihdr  Exiidncft, 
l2mo.  with  2  coJoorftl  Plates  and  60  Wuod- 
cali.     New  York,  I860.    5s. 

B«niiird  and  H^etto,— llliiHtnitf<l  Manual 
of  Operative  Surgery.  Witb  1 13  cobttwd 
Pble%rojral8mbalMMimJ,  1861,  m. 

Blake  (W.  fi,)— Observatlotift  on  the  Phy- 
aieal  Geograpfaf  aod  G«olcigy  of  the  Ctiftst 
of  CiiJif^rnia,  from  Bodega  Hav  to  San  Diego. 
1  vol4to.  cvlouret)  VlaVos.  ^evrTork.  X;!. 

Bland  and  Cooper.  —  Pupi-Ts  un  Korth 
AmeTk.in  lleliLkbuod  on  the  Geojirraphical 
DialHbution  of  W««t  Indid  Land  Sheila. 
Also  Notice  of  Land  and  Freali water  Sheila 
from  the  Eookv  Momitaiaa.  Bvo.  witU 
i*bte«*    New  York,  imt     10$. 

Bic^wpipt. — A  Syvtirm  of  Infllni^tion  in  thf^ 
] '  rac  ti  ea  I  Uit'  of  the :  bdn  g  a  G  radual  Goura^ 
of  Andvaea  for  tUo  uaoofStudeDtii.  12mo, 
Kew  York,  1852,    6a. 

Brown'Sequard.^ Lectures  na  th**  Physi- 
ology QUtI  Pathology  (jf  the  Central  Ncfvoufl 
8yflttm»  di'livcred  at  the  Ko>'al  CoUifgo  of 
Burgeons  of  Eoglondi  in  Mity  18fi&  dv^ 
wilhaPtat««.    Piijladiilphiii,  J860.    i4a. 

BtLmStead. — Pathology  and  Tn^tmcnt  of 
Vetiereal  Dtseanfia.  Sto.  with  ltli»«lrayoiiH« 
Pliiladelphia,  186t    £L 

Oanada,  GpokjgicalStirTtxy  of;  Figfures  and 
Dsacriptioaa  of  Canadian  Organic  Hetnaiiis, 
Sir  \y.  I'l  L<*GAH,  Dim-tor.  Parts  1-4, 
with  Flatea.  MoDti«aI,  I858-6i.  Xi  &i. 

0anadA,  Geological  Snrvijy  of,  Ei*port  of 
Progreia  tmm  ita  Cornmenceineiit  to  18G3. 
UlfiatraUd  by  4&B  WooNJcuta.  An  Atlaa  of 
Mapi  and  Sections  will  ahoiilv  be  pnh- 
liabed,    4to.    Monu^l,  1863.    ll  4& 

Catl&da,  Gi-olo^cal  Survey  of,  for  t'lp  Years 
iSii3-">4-o5-6l>.  8vo.  AndAlkiof  Platia 
and  Map&    iUk    XL  IOl 


Canada  and  the  Western  Slat^  of  AmpricH. 
Illustrated  with  50  EograTingat  forming  a 
complete  £imgtaaL*a  Handbook-    4a. 

Canadian  (The)  Tfatnralist  and  Geol^^bt 
Svo,  wrth  lilttiiratioiM.  Tot.  1  to&  Mont- 
reaU  1857-1  Hij2.  XS  15«.  2nd  Seri&  VoL 
1  lo  3.    X2  fia. 

California,  Goologiad  Snircy  of.  Palaeon- 
tologT.  VohKwJlb93PlaUa.  4to.  BvJ.  D 
WiiiTNET.SuieGeDlogiit*  1864  XL7a.6d. 

Cooper  and  Sncklej.^The  Nahwal  Hi»- 
tury  of  Washington  Ti:rritory;  wiUi  tnitcfa 
relating  to  MiiineBOta,  S^ehraaca,  Kan»at> 
thvgoD^  and  California.  55  Ptai«a  of 
Botany  and  Zoology,  and  IvDthartnal  Chart. 
4t&    K'w  York,  1859.    X2  2<. 

Da  Ooata — ^Hedical  Diaguoaii ;  with  ipt^cial 
referenco  to  Practical  Medicine.  UloiCratod. 
8^0.    Fhitadelpbla.    XI  it. 

Ballon' a  Tre4iti»0  on  Hnman  Pbysiolt^y. 
2ttd  Edition.     N^w  York^  18i;i.    XI  1& 

Bana.— A  Mannal  of  G«okgy>  Sto.  PkU^ 

ddphja.     16a.  6d. 

BawiOlL — Air-Ei*>aehcrs &f the  Coal  Period: 
a  Pescri^live  Account  of  the  Remaina  of 
I^tid  Animals  found  tn  the  Cd«)  Format! ona 
of  Kora  Scotia.  8vo.  witlx  6  Plalea.  Mont- 
real,  1863.     Of, 


Draper. — Hnman 
Dynatnicalf  Ac    dm 


r.  Statical  and 
XI  la. 


Dttiket  (S.) — A  Treatise  on  Gonorrbdea  and 

Bvphilia.   2nd  Exiition,  8to.  witb  B  colouisd 
Flatea.    PhJlaeldphia,  1864    XI  la. 

Dni]gliton..^Dictionary  of  M^Miical  SdeQc^". 
2nd  Edition.  8vo.  PhUadel[]hia,  1866.  XI  £a, 

Emory-—  R^^pfirt  of  th<*  Unite*!  Stale*  Ifex]^ 
can  Boundary.  2  vols.  4to.  witk  $1^  ci^ 
lonrtfd  and  plain  Goologicat  Flal^  New 
York,  1858.    X5  5a. 

Oeaner.— A  Praetacul    Treatise  on  Co*!, 

I't'troleam,  and  other  Diatille<l  Oiis.  2nd 

EdUion.     8^0.  with  40  Woedcats.  Hrv 
York,  1865.     lOa.  60. 

Gibhea  (L*  E.)— Kules^  for  the  Aeccntuatjon 
oTKaraesiB  Natural  lliatoryj  with  Exjim^ 
plc«,  Zoologieal  and  Botanieal.  4 to.  Cbarlei- 
ion,  IMO.     2fl, 

Grace  {W.Y— The  Anny  Sufeon's  MannaU 
for  tlie  ilie  of  Medical  Oflocia,  Cadeta, 
ChapluJnii,  and  Hoapital  Stevazda.  12tDa, 
New  York,  1864.    6a, 
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ffmy  (Aip,),  —  Chloris  Borettlt-Aintricatia, 
111  a^tratiuas  oiH&w  and  liare  N&rtli  Atutsri* 
cull  Plaatfl.    ito*    7h.  64 

QroiA*— Pmciieal  Tpcarttfl©  on  ttio  Urituuj 
Oigifii.    Bvo.     18JL    £1  is. 


— ElemeDtfi  of  PatiiologicAl  Anatomy, 
Stto.  m«fttr*tcd,  NewEdiyon.  i8S7.  £1 1\ 

(hQaay-^SyfA&m  of  Surgery ;  Piithi^logtcal, 
Dia^ostie,  'ftiBrapfluliCt  and  Operalivev 
With  936  liluBtratiotis,  2nd  Edition*  2  vols. 
8vo,    PhilftdelpUiiL  laoa,    £2H^ 

HflU  (J.)  and  Whitney, —Re port  on  the 
Geological  Survey  of  the  State  of  Iowa. 
Vol.  L  ito.  In  twQ  Pjirt^  illofiLratcd  wHh 
27  iteel  EngraTlogs,  and  nnmeroas  Wood* 
cuta^    iQWft,  ISm,    £2  lOa. 

HaU  and  WWtney,— Report  on  the  Geo- 
logical Survey  of  the  StJite  of  Wisconsin. 
Vol.  L  4to.    im2.    £1  10s. 

HamiltoiL. — Practical  Treatise  oo  Fniclures 
and  DisloffitioTia.  Svo,  with  28U  Woodcuta. 
rhilndelphiot  l^^O.    £i  1«> 

Hairii, — The  Principles  fiud  Practice  of 
Dental  Surgery.  5Lh  Editlout  Syo.  with  200 
Woodcula*    £15b. 

Hitolicoclc, — Iclinolog}^  of  New  England; 
a  KeiKsrt  on  the  Snndetoiie  Qf  the  Connectl- 
cat  V'aHey,  eHpcciaily  Ita  Foaull  Ifootmarks. 
4to.  with  60  Plates.    £1  13s. 

Hiteheoek. — An  Attempt  to  Diaeriminate 
and  De»eHhe  the  Animals  that  made  tbe 
Fossil  Footmarks  of  the  United  States^  and 
especially  of  ^gw  Englaod.    4ta     liia. 

Kitchcoek  and  Hager,— Report  on  the 
Geology  of  Vermont.  2  vob.  4to..  1861. 
£2^9. 

Hodge. — On  Diseases  Peculiar  t^  Women. 
Hvo,  with  lltuetrations.    Philadelphia,    14& 

Hodg-e  (S>  L.) — Tin?  Principles  and  Practice 
of  0  hate  tries.  Wilh  149  Plutea  and  Wood* 
ciit^    4to.    PbiUdelphla,   1664.    £3. 

lilierwaod,  — ,  Engineer-in*Chlef,  United 
Slates  NaTy.^'Ex  peri  mental  Revairches  in 
Steam  Engineering.  Vol.  h  4to,  1863. 
£^20. 

Jay  (J,  C.)— A  Catalogue  of  the  Shells 
arranged  according  to  the  Lamarkian  Sya* 
tem,  with  their  AuthoHtiea,  8vti(myin«| 
and  referencea  to  Worka  where  tigut^  or 
dfflicnbed.  4th  Edition.  4lo.  with  Supple- 
meat.     New  Yorkf  IBc^J.    14a. 


JoluiBon  (W,)— On  tlieConvktion,  Conver- 
aioiij  or  Allot ropi am  of  the  Fhyaical  and 
Vital  Forces.  8 to.  itelbourne,  im4,  2s.  Cd- 

Lb  Enohe, — Pncnmonia  :  its  Supposed 
Connection,  Patholo^cal  and  Ktiologicail^ 
with  Autumnal  Fevers.  Phdadelphiiu 
12s.  6d- 

La  Baclie.— YelltiW  Perer,  considered  in 
iU  HiiitnricaU  Fat  holog  leal,  and  Thi^rapeu^ 
tical  Uelatioas.    2  volfl.  670.    £1  iUs. 

Lawioii*— Practical  Treatise  on  Phthisis 
PtiUnonalii;  Pathology,  Cnusea,  Symptoms, 
and  Treatmenl.  8vo.  Cincinnati.  ISGl. 
£1  Is. 

Lehmann. — Phy Biological  Chemietry.  Com- 
plete in  2  vola.    TUtcs.    Plilla.    £1  6s. 

Malgaigne.— Tn^atiae  on  Fraeturefl,  With 
]0(]  Illustrations.  PbUaddphia^  1650, 
ira.  Cd. 

Uanry,  JTottt  and  Gliddcm. — ^Indigenonfl 
Kiicca  of  the  Earth ;  ur.  New  Cliiapters  of 
Ethnologieal  Inquiry,  Coloured  PUtei  and 
Woodcuts.    Royal  Bro.    Phila,    £1  la. 

McCrady  ( J.)— Gymnopthalmata  of  Chajrles- 
lon  Harbour.    &ro,    6  Platea,    1857*    da. 

Meigs  (0.) — Trmtise  on  Acnte  and  Chronic 
DiacflMs  of  the  Neck  of  tlie  Cturua,  8 to. 
with  22colouied  Plates.   Phila,    £1  2b. 

Kaigt  (C.) — Obstetric*;  the  Science  and 
ArL    6to.  121  Woodcuts.    Phila.     17s. 

Maiga  (C*)^ Woman;  her  Diseases  and 
Kem«diea^   4th  Edition,  8to.    Fhjla,     17a. 

Meigi  (C.) — A  Practical  Tteatiso  on  the 
Diseases  of  Children.    8yo.     PhiliL,    16a. 

MitchelU  Morehonse^  and  Keon>  -  Gun- 
ftliot  Wuunda  and  other  Injuries  of  the 
Kenres.    12 mo^   Philadelphia,  imL  6a.  Cd. 

Kor^L — Compeudinm  of  Human  Histolocry. 
llliulrabed  with  26  PI u tea.  Edited  by  W. 
H.  Van  Buren,  M.D.  8vo.  New  York,  Ififil. 
12s. 

Marland  (W.) — jXaefwea  of  th*i  Urinary 
Or^Aiis ;  a  Compendinni  of  their  Diagnosis, 
Pathelogy,  and  rrcatmeot,  8v©.  with  lllus- 
iratieos.    1653.   lAs. 

Ki»rriap — An  Ewsay  on  the  Pntbology  and 
Therapeutics  of  Scarlet  Fever,  Philadelphia^ 
1638.     Royal  8vo*    $s. 
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Hatural  HiHtory  of  tlic  Bt^U*  of  New  York, 
21  vols.  4ta     Alhmny,  184y  to  ISfii. 

Part  L  Zoology.   By  J*  De  Kty.    6  Tok, 

Pvt  2.  Botitiy.  By  J.  TofTCj.  2  voll. 

F^t  3.  Minerabgijv   By  Beck,    1  vol. 

Pitn  4.    GeoiogT,    By  Mather^    EmnioaAr 
Yviuscem,  ftiia  Utilh    4  voli. 

Part  5.     AgricuUuro.    5  ^*oK 

Purtti.  Pdicontolog)'.    By  Hull,    iroli, 

ITeumajir  (0.)— R*sulfa  of  the  Meteoro- 
]i>}Cica1  ObtttifYfllinns  tnken  in  the  Di!ony  of 
Vif^tCfHA  111  l85i>-62,  and  of  tlic  Nautical 
OiwieTvatiooi.     4iii.    Witl*  CiKirts,     Md- 

Noeggerath  *nd  Jacob L^iSe^^pftg**  4,) 

Kott  and  GUddon.— Typs  of  Mantind, 
Uayal  Bvo.    P  la  tea.    Xi  la. 

O'Boilly  (J.)— Tb©  Norvoufl  and  TusctLkr 
C^Ji mention  between  the  Molbf^r  hue)  Fcettu 
la  Utera.    8vo,  New  York,  1804.    Hi.  64* 

Otto. — A  Mimuul  of  the  Detect  ion  of 
Poiaonv  hv  M«lico-Cbeniical  Aaalyiii. 
12mo,    New  York,  1857,    Cs. 

0Tiniiiii A  Treatise  on  H^talliipgy,  eom- 

Stisinfi  Mmin|r,  and  General  ati^l  Ptirticular 
tet«1Jur|:^y.     With  377  ILlu^lmtioDs.    Sir«y. 
New  York.    £1  lOo. 

OW0^.  —  Oeolo^enl  RcconnoiHsanpc  of 
Arkan!<4i9«  mn4«  diirinjE^  1^57-60.  ^  roll, 
8vo.    Iflostrated.    £1  10&. 

OvtB. — Geological  Surrey  in  Kentncky^ 
niadfl  dart  fig  1854^59,  4  vols.  4  to,  aud 
Plates^    YeryMaree,    XG  Gg. 

Owen. — Gcologiofll  Survey  of  WisconBin 
and  Minncdota,  2  voLb.  4to.  PJate^.  X!£  2s. 

Farriali,— A  Trpivtise  on  Phanum-y,  de- 
Kilned  m  u  Te^tt-Bimk  for  the  Student,  and 
ii»  a  Guide  for  the  Physician  urid  I*hEirtna- 
ceutiBt,     Srd  ICditioti,  8vo,     Pbiladelphia. 

£1  la. 

£«gnanlt. — Elemonta  of  Chomutiy.  2  toIs. 
1H33.    £1  LOii. 

Eoid  (Dafid  Boawell). — Quarterly  ClinicAl 
lCc|mrt«  on  SurgBO',   No.  1,  Geelong^  18G0. 

Be  porta  of  Explorations  and  Surveys  for 
a  Hailrckiid  frum  the  ]!i1i.s;»Usippi  River  to 
the  I'ncilSc.  Ocemu  12  vfAa,  in  13.  >lto,  with 
immemuji  FUt^  of  Bit*\^  MAmmhh,  Ren- 
liles,  Plants,  SbelU»  &nd  Foesils.    ISSS^ISGO, 


£«pott  upon  tlifl  Colorado  Eiver,  e^ploped 
m  1857-68.  By  4,  C.  lvc»  atid  A.  Ham- 
phnava  4 to.  with  muneronf  MapBii  Yiaw% 
and  tkiologlca]  Plai«a.    18G0.    £1, 

Eeport  exhibiting  thi?  E^penenoe  of  the 
Mptnal  Lif«  Jiisuraiicc  Company  of  New 
Yotk,   4to.  hiifmocoooo.    I8fi9,    12a  &L 


Bichardton.— Practiail  Treatisi^  on  JTecha- 
nical  Dentistrv,  8vo.  with  IIQ  lUuAtialioiw* 
rhiladelphk,18G0,     i4ii. 

Eokitaniky.— Manual  of  Pathological  Ana- 
tomy, 4  vols,  in  2,  Bvtt.  Philadelphia, 
18S5.    £1  4j. 

iay*~Th*«  Compkt-p  Writings  of  Thomw 
Baj',  on  the  Enlomoloj^y  of  North  America. 

Bay.— Conebolo^  of  the  tTnited  State*. 
Miled  by  W*  G,  Binncy,    {Sa  page  6L) 


Beanioni.— DiHGa£f«    of    Females, 
New  York,  1861.     17ft.  0d, 


8  TO. 


ftolLOoleraft,— The  History,  Condition,  and 
}^9pecta  of  the  Indian  Tribe*  of  the  Cnited 
State§.  IlluiBtrated  by  Eastman.  6  yoIj. 
4to,  Platea.     iS5S-5«, 

Smith  (itepliaii\.--Hnndhook  of  Snrgit.'al 
Operationa,  with  2o7  Figurei.  1 2mo*  New 
York,  181)5,    8a, 

Bmithsonian  Conlriburioofi  to  Knowleidg^?. 
\oifL  L— Y,  4tn.  with  Miipi  and  PlaUa. 
Wa^^hint^^tfin,  1818^5,    £5, 

itllle.--Thempeutb5  and  Materia  Hediea, 
2  rolfi,  8ro,    PhilaJelphui,  IStiO.    £2  2^ 

Btarer, — A  BIctionBry  of  SoluLiElies,  8t^ 
Cambridger  Ma^achu^tta.    XI  5s» 

flnllivant,— Contribmioni  to  the  Bryulogy 
und  Hepaticology  of  l^urtb  Amentia.  4to. 
4^ed. 

The  New  World  in  185B ;  being  the  United 
State*  and  Canada,  Illustrated  and  de* 
scribed  in  Five  Parti!*— Part  1.  Tim  United 
Btatea.  IL  Scenes  and  Srenery.  Ill,  Vp* 
p<?r  and  Lower  Uauadi.  IV*  Things  aa  tUi^y 
Are  in  It!59,  V,  Erni^^tion,  Ladc!,  atid 
A^ricuUute,  logether  wiih  Rtmies  of  Tnivd, 
Fttrc^  Diatances,  &c,  Wiih  up  ward  Ji  of  L^O 
Engmvfngs,  fthowini^  the  Hivtm,  Lakc9^ 
aud  ^ountajna.    8va  cloib,    0a, 

Thomai. — A  Comprchoniiive  Jlt^iical  Dic- 
tionary. PoAt  8vo,  Phitadelpbta,  I8<I4. 
ioB. 


210  EsasHT  Stqevt^ 


^ 


M 


TranB&otiant  of  tlie  Hadical  Soelet?  »f 
thfl  KtatB  o1'  Jmw  York.  Svo,  1832  to 
1B60;  ntid  t  veil,  of  Addreiaea,  1817  to  IKIl, 
in  nU  20  vo^ik.  hftlf^bguad  in  11.  Albanyf 
1843-61.    X&8a. 

XranKactioBB  of  the  Americ&n  Medical 
AsscKiiitiori.  Voh.  I, — XllL  8vo.  Yiilh 
Plat**,    l^hlladclphia. 

Tryon. — Sjnonjmj  of  tlip  epf^ci^s  of  Strepo- 
inntidffi  ( MelaniBim)  of  the  (Jnited  Stated ; 
wJtb  deftcriptluns  of  Land,  Fresh  Wat^n 
ind  MiiTioe  Mottmca.    8vo.  New  York.  S& 

*,•  S«  Americ*tt  Joutnal  of  Conchology. 

Tryon. — List  of  AmiTic^fto  Writprs  on  R^?- 
cent  Cont'liology^  with  the  Titles  of  their 
Memoirs^  and  Oaten  of  Pablication.  8ro. 
New  York,  18G1,    5jj, 

Tuomey  and  Holm  e».— The  Poet-Pleioceno 
Ftwaibtif  South  Carolina,  ^to,  Toj^t  aad 
Pliitea,    Cbarlealoo,  18^8.    £4  4*. 

Tuamty  flAd  Holmea.-^Foysila  of  South 
CaroHnn.  4io.  TpJtt  and  Plates,  Cbiirl^- 
toil,  1656,    £6  fl& 


United  BUtei  FliaTniEOopifii&  |  Fottrth 
Decennial  Hevision.     Vlmo.     1«G4.    6^ 

Tiotoriftn  Gaxetteer  bdcI  Koad  Oyid<^^ 
containing  the  most  Recent  and  Accurate 
Infornmtkm  aa  lo  every  Place  in  the  Culofiy ; 
with  a  Miip,  Compiled  bv  Kobt,  VV bit- 
worth.    8vov    Melbourne  iSCS,    XI  la. 

Wood  and  Baoho.—Tb^  DLspt*nfiat4>zj  of 
the  UoitwJ  Btntetcjf  America.  12tb  EditioD. 
8vo.    Phlladel[iUia»  ima.    Xi  1«* 


Wood. — Th  erapeii  tics 
or  Materia  Medic  a. 
deLpbia,  10^7,    £2* 


atid  Phurmocology, 
2  Tola.  8ro,    FUiii- 


Wood. — Trvatiflp  oti  the  Practice  of  Medi- 
dnc.  4th  Edition.  2  void.  &vo.  FblJodeL- 
pbla,  1855.    £2, 

Woodward.— Outlinea  of  hbe  Camp  Diseasea 
of  the  U.S.  A,    8^0.    18G3.    Itii. 

Wynne  (J.)— Report  on  the  Vital  Stutiettica 
bC  liio  United  Stales^  I  vol.  4to.  (not 
(jritited  for  sale).    Kew  York,  1857.  £2,  Itfi, 

Wyimt.— Private  Libmriefl  of  Nofr  York, 
8to.    New  York,  1860.    SL 
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line  pbu]t;be  et  Oguiet,    (k  6d. 
Amger    (B.)— Traite  Icorao^ftpbiqim    d^s 

troductJou  p«r  Bi.  Yelpeflu.  Prtmi&ro  Mo- 
nographjei  Lnjr&iiont  el  Fraciurew.  Avec 
8  pUnchea  coloriees,  4to.  Livr.  1, 2,  S.  Paiia 
latiS.    Eacb  lOi. 

AnEftlei  d*HjgieD©  Pablique  ft  de  MMi- 
dtiu-     Fremifera  t^iie,   coMection   complete 

^mptaircfl,  50  rola,  in -8,  avec  tigurca  et 
planrhcfi  tt  Ubies  ttlpbabi^tiques  dea  £0 
vok.  £16.  La  2e  «(^rie  ccimitience  AVf^c 
J&54  ii  1865.  IVIx  da  cbaqiio  anneo 
£l4a. 

Axiufbtd  *^Des  Nemuei.   FoL   1364.   6a. 

Barth  et  Bogir,— Trair^  Pmlique  d'Atia- 
cultatioD,     7«  ^L     18uio.     1866,     &&  @d. 

Baxitt. — Lwoofl  siir  la  Scrofule.     Sro.    2e 

Baiin,— Lewns  Tb^oriqu^a  et  Cbniquea  sur 
i^iiiL    8va,,  omt  da  5  pi.     18t>2.    4 a. 

Baxln, — ]>9oa8  Tb<iori<iin?s  et  Clitiiquos  so^ 
lc«  Sypbi tilled    IS53.    flv^.    3«.  6il. 

Baiiilp^Lt^ona  Th^fiqaes  et  CUniqtiRa  aur 
1«8  Affections  Cutanees  da  N*tur«  Artbri- 
tique  et  Djq.nreu&e.     ISdO,    Svo.    4%, 

B&x1q.« — Le^'ODB  Tb^oriqar^  et  Cliaiqti^s  sur 
lei  A(rectio[i9  Cutan^efi  Artificiclloa  et  flur  J  a 
L^pre,  b"*  DiatliGaea,  lo  Purpura*  lea  Diffor- 
milds  lis  la  r«au  etc.     IBti'i.    8va.    68. 

Baiui. — Lc^ona  sat  lea  AiTectiona  G^^- 
riquea  de  U  Peftu.    1662.    Bro*    4n. 

Beelardk — EU^mcnt^  d'Anutotiile  Q^QtUe, 
4eeUiU    ^va.    1865.    fijk  6d. 


B««lard.— TriLttl  lll^montaire  de  Physio- 
togie,    6e  ^it.    8vq,    ISOd^     t^  CkL 

Belot  (C»)— La  Fifevr*?  Jaune  4  la  Ha^no, 
aa  Niiture  et  TraitemenL    Sto.     I86&.    3a. 

Beraud  (%  J.)— Atlas  Complet  d'Atiatotnio 

Cbinu-xficale  ToDOpr&rilimue.  rwiuTant  «er¥ir 
_,„_,„ j,,^ — —  _  ^^„  .v-^«..»j^i5«  U^anato- 
mte   cbirurgjcale,  rompos*/    d 'environ    100 


CbintTgicale  Tocnogfapbique,  pouvant  i 
de  co;mplcineDt  a  tous  lea  ouvragea  d*a 
mte   cbirurgjcale,  rompos*/   d'en^irou   .^^ 
reprdt«Qtant  plus  de  200  fif^ures 

„ __    d^apr^   Dature,    pAr   M.    Blon* 

Figiirei  aoirm,  m,  lOs.    CoL  X5. 

Barnard  (C)— lutpoductioo  ii  T Etude  deU 
Mcyecias  Kxp^tii«atal«»  Sve,  Farli^  1865* 
6a. 

Barnard  (CI.)— Le^oi  »nr  le^  Propritl^ 
dea  Tt8au»  Vivanta,  8vq«,  ilJuslT^  11^66. 
6a.  6d. 

Boian.^Nouvpau  Compeudiina  M^^^dic^  4 
TiiJiAgGdea  Mcde^^ioa-praticiefis.  1862.  3a 
i^jt.     l8mo.    69, 

Boncbardat.— Munuel  de  Mati&re  M^i^e, 
de  Therapeutiquo  ComtNif^  et  de  Pbar- 
macie.     1^04.    2  toI.  lauio.    4b  ^Lit     l^a. 

Boachardat, — Le  Travail,  mu  Inflnezusiaur 
la  Saute,    i%m.     1  rol  18mo.    2«. 

Bourgtiif  aoii  et  Saadraa.— Trtiiei^  Pratique 
dc3  Maladiofl  Nerveusea.  Siicdil*  18«i(>- 
18G3.    2  v(il.  8vo.    10a. 

Briand  et  Clm&d  ^— Mnau«l  Ctwnplet  de 

Mt^eciue  Le^ale^  €t  coaUnnDt  aa  Traittf^  d« 
Chimio  Le|pale,  par  H.  Gaultiieu  ufL 
Clauhkt>    7e<yit,     1864.    Svo.,  ai-ec  3  pi 

Brierr©  da  Boiamont.— Des  Halluciuiitlooj. 
Uvo.    ae  *kljt.    Fam,  1862.    fia, 

Brierr e  di  Bolamont. — Du  Snicida  et  de  la 
Folie  iSuJ^iide,     2a  c^diL    Paiia,  1864.    6a* 
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CMper— TrfvitL^  Pmtiqn©  4e  MMieioe  I^- 
;;alc,  trsdyit  dp  Tall  em  and  spufl  lea  yeiax  da 
rauteur^    par  M-  Gnstave    Germcr  B«ii- 
litre.     1862,    3  Yol.  8vo,    iSs, 
Atljis  eolaricf  se  vendant  e^pAr^metit  lOt. 

QiaTiffkrd.^Principca  de  Pathologie  Qini- 
Tnh.    fiTOL    Paris,  1862.    7*.  G4 

Cimrpentier.— Dea  Accid^^nts  Hbriles  qm 
iurriennent  chez  le&  Xouvime«AccoiiGh<48. 
Bv<t.    ParlH,  166^*    8a, 

Cbtnu. — Maatiel  de  Concbjliologie  ^t  do 
PaJ^odtoiogie  Conohyliolo^ique,  18*«2.  2 
vol*  4ta,  avec  4&43  figupca  dans  le  teJEto, 
do^it  le«  [^riadpalescolorii^es,    £1  7a. 

CbmrchiH  (J.  F.)— De  U  Causa  Immediate 
d4^  la  Phihm^  Pulmoaaire  et  des  Mnladieg 
TkibcTculeuseM  et  da  leur  Trailtiment  spdci- 
ftque  par  les  llyt>opboaphitei,  2e<&liL  /aria, 
1864.    8m     15a. 

Clemeaceau.— Dq  la  G^nemtion  dei  £l^- 
iiieaU  Anaiomiques.  SriOi*  Paru,  1865.  3ju  Gd. 

Comti  (A,)— Cotirs  dp  Phrlosophi©  Positive. 
2e  ^it«  Revue  par  E*  Littn*.  6  Tola.  8vo. 
pAri«,  18f5i.    £1  17a,  fid. 

CmTBilhier,— Traiti  d'Aimtomi©  Descrip- 
tive.   Vol  I.  8m    \m&.    128.  fld. 

CruTeilliier,— TridtL^  d'Analomi©  Putholo- 
giqne  G<^n^mle.  Vol*  v,  8to.  Qfrnpieimg 
tA0  m.rk.     Paris,  1864     6iL  ^        ^ 

Cnllerier — Vt^m  l6f>ndgFaphiqii©  de»  Ma- 
ludit!^  Wncdennes.  LW,  i  4  8.  18  mo.  P&ns, 
ISC  I '6,    Chaque  liirraiAOa  4a.  6d. 

D&vaine. — Tmif^  dea  Entozoaires  Pt  dra 
51alftiiies  Vermineuaea  do  rHomma  et  des 
Animaux  DoineBtiqaes,  1860.  Bvo^,  ftvee 
&tt  ftg,     10s. 

Beshayei,— Bpscriptioti  des  Ajttimaux  wns 
Vertbbrei  dt^^ou  verts  dona  le  l^usaiti  de  Parit. 
4 to,,  avec  plancbeM.  43  /trr.  paruf.  Parit, 
1863-5.    Cliuqij«i  54. 

DictioiLnaire  Encyctop^diqne  dea  Sdencea 
jMcilicjiles.  PuWit  sou*  la  DirtctioJj  par 
MM.  Uajge-rk^lorme  et  A.  Dechaiubni, 
/J^ottwrafft  fiTci  puhlu'r  en  25  cn/^,  Bvo.  ttttmjtg, 
3  t»o/ff,  «ajt|  C3I  pe/r^«.     Chaque  vol.  IOl 

Bictionnaire  de  3C'  dieiaiai  de  Cbii^tirgLe,  do 
rhiLrtii4ii^if!T  dea  Sdetieet  Aeceaaoirtui  «t  do 
I'Art  Vctdriimiro.  Par  Nyit«n.  I2e  edit, 
par  Littrd.  Grand  Svo.  (lemi-reL  Vaxisj 
1866.    XL 

DiQtioiuiair«  (Ronveftii)  dt  Vldielne,  H 
de  Ctiinir^fl  Pruitiquci,  illaaird  de  fiji^iirea 
jnlgrciic^a  diin&  Ic  tQH-t^t  par  une  Socit-ii  de 
Mt'dtcini  ti  ChiruTfjitnt  tfe  Pari*,  Publlf^ 
en  15  vols.  Paria^  1865.  L'ouvrage  par^U 
pnrToI.  toaa  le«  iroUmoU,  3yola.  aoni  en 
vente,    Cbaquo  B%.  6d. 


Doaden. — KAstrpmAtifitne  Pt  les  Yt^rros 
Cylindriqucfl,     1862.    Bvo.    4s. 

ZdwftfdJi  (MUae,)— LwjtiB  dePhymDlogie 
et  d'Anatomie  compart  de  PHommp  et  Ues 
Antmaux.    8  vols.    8voi»    Paiia.    £3. 
L'otivrage  aura  10  vols, 

Eliplia*  (Levi).— Dogme  et  Ritual  do  b 
haute  Mdgie.  1861.  2e  lidiU  2  ml  8tix, 
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Eltpliai  (leri),— Hiftciro  de  la  aiagie. 
1860.     1  vol  8fo,,  avec  UO  fig,     lOa. 

Elipli&l  (Xevi).— La  Clef  des  Gmads  Mys- 
l^rw.    1861.    1  vol  Svo.,  avec  22  pi    lOa. 

Eliphai  (LcTi>  —  Philosophio  Occulte. 
Fables  et  Symboloa.    Svo.    18(i3.     6a. 

Eliphaa  (LBvi)*^^Seience  des  Esprits.     Svo. 

rab^t.— Dps  Malndiea  Metitnlea  et  den 
Aflites  d*Ali(?rn?fl.  Lemons  CI  in  iq  ties  et  Con- 
ddlFratioDsGcndralea,  8va.  Paris,  186  L  12a. 

rglltll.— L&jotia  sut  Ibs  Principalei  Ml'- 
ibodet  d'Expbration  de  r(£tl  MalaJo  ct  i^n 
principal  sur  PApplkrttion  de  I'Opblbal- 
inoKopa.    Bvo.,  iJlustrated.     1863,    6s. 

Fr«ricliB.— Tmito  Pratique  des  MaJadiea  du 
Foie,   1862*    8vo.,  avec  80  fig*   fti, 

Oftj^LieTi — Dic*tionDaii^  Annuel  des  Pith 
gr^  dei  Sciences  et  InstUutinDi  Mt^icald^. 
12nio,    Paris,  1865,    4a. 

Goldfii9i  (A.) — Pptrifacta  G^rmaniip  Icoui- 
baa  et  Deiccriptionil^tis  lUuatrata  2(j  i^iL 
4to^  Te^te  et  Atloa  de  ID^J  plaijchea,  fuL 
Leipft.,  18<j2.    £7  lOa. 

QoHielin.-^Le^cTns  stLf  laa  Henjiea  Abdo- 
n^i nates  HuteB  4  la  Facultd  8to.,  fi^^  Paris; 
1865.    6a. 

0rie  sillier  (W,)— Tm3t^  d(>fl  Maladjps 
Meniales  PaLhologiquD  et  Tbdrapcutiqup, 
tradult  parDoumie.  8vo.  Parif,  1865.  7s.  Gd, 

Orisolle.— Tmit^  de  Puthelogiti  luteme. 
9e  odit.     18G5.     2  V(»l  grand  8vo.     15a. 

0jli(»lle.  — Trnjy  d*i  la  Pneumonie.  2e 
m%,    8tov    Paris,  1864.    7a  6d. 

0aardia, — La  M^wine  h,  trawra  les  Sl^- 
dies,  Fli$iairi  et  Fhilo4t^ie.  8vo»  Paris, 
1865,     Si,  6d. 

Gm&rin^^Le^ans  Cliniqui^  aur  lea  HaladipB 
deA  Orgnnes  (3<^iiitaux  Eatemea  de  la  Femme 
8vo.     1864.     6s. 

QnOTfl^t*— HotieeBsitrla  Cfiinime  des  Eo- 
fsinl^    4  parts.    Svo.    Paris,  186$.    4». 

Hardf.— Leeons  but  h&  Maladie*  do  la 
Pl^au.  4  vok  8vo,    Paris,  1663  k  I86d.  JCs, 


Honel.^Miiiitiel  d'Atiat*>tni«  Pathologiqne 

iSmo,    63. 
Hugnieir  (P.  C.) — De  rHjst^rom^trie  et  du 

Hnsflon. — ^ Elude  wnr  les  H6pitanx  consi- 
dt^'mi  scrtiR  ifl  rapport  de  In  conatructioTi,  f)« 
la  diiiribution  d«  leurs  b^timonu,  de 
Vameiibletnciiti  de  rhrgifeiiectduMrvicc  des 
niftUdef-  Pa^i^  1J^3.  4tflL,  avoc  24  pi., 
Ubleanx  cit  ligure&    £L 

Jaccoud.  — LtfS  Parapl^gips  at  TAtaiia  da 
MutJveDiunt.    Svo.    Paris,  18S5,     7*^*  6d. 

J&mAin.  ^—  NouTt'au  Trait e  Eiamentaire 
d^ADatomie  De-criptivH  et  de  Pirparations 
AnatsMfliqa^p  suivi  d'un  PhX'b  d'Einbrni- 
loffie,  p*r  M,  VernetiiL  2e  eiUtion,  IHtil, 
lemo.,  avec  200  %,    JOis. 

Jamftia.—Maiiupldc  Petite  Chirurgie.  1860. 
3e  tuition.    1  vul.  ISmo.,  avec  BOX  iig.    6a, 

Job«rt  (de  Lam1iane.)--De  In  jUunmD  en 
Chirur^e,  Bto.,  aYfio  7  plaucliei  colurii^ 
Fari%iae4.     lOi. 

Leliert. — TraiU  d^Aoatomfe  Patliologique 
Gcticrale  el  Bp6cia}e,  011  Dflscriptiou  et 
Icotiogfapbie  Pulbologiquo  dei  Affcctjoiis 
M«rbide$,  tant  liquidea  qae  solide*,  flliser- 
T^  dana  la  coriysDuiiiaiii.  Oifcrobjiv  cttmpl^t. 
PariB,  la^o— lii6L  2  vol,  in-fol  de  rex  to, 
«t  t  toIp  in-fbt-  compreaant  IfUO  pia]ichL>a 
dcsalni^ev  d'apr^  nature^  grATd^el  CQigriGCA, 
£25. 

Xegouist. — Traits  de  Chirurgie  d'Arm^o. 
i8fl3.    Brd.r  aVK  128  figiinsa.     10b. 

Lea  Arts  Somptaaixei,— Hiifti>[r«  du  Cm- 
tume  ct  de  rAineiiblenient,  et  dea  Aria  et 
Iridiifllriea  qui  a'y  rattachent.  2  voL  do 
f(]£LiK-lie$  crolodi^  et  2  de  iexLe,  4  to,  l^fimi* 
luan^quin.     Paris,  IB5%.    XIB  iHa. 

L^vy.  —  Trail ^  d' Hygiene  Publiqne  ©t 
Pnvc.%.   4 e  Litton.   1802.   3voL   ISva.    15a- 

Liebreioli  (E.) — AtJas  d'Opbihalmoseopie, 
re[»n^ntaiit  P^tat  normal  et  Im  modilica- 
timifl  palhologiquea  do  fond  de  rd>iE  vtaiUt^a 
h  rophtbaImo»oope ;  compost  di*  J2  plancbea 
repft^jitant  57  figures  tlT6es  en  chromo- 
Ijthograpliie  acconipa^Dc^  d'nn  teste  ejc* 
plicatit     In-fotio,    £2. 

Lii7i« — Rechercbea  sur  le  Syst  ferae  Nerveux 
C^r^bro^apinaU  aa  Structure,  ses  Foaclions 
at  aes  Hatadi«s.  Bro.,  avec  atlas  de  40 
plimcfaes.  4 to.  Fig.  noirea  £1  1(^9.   Colori^a 

Haire.^ — Koureou  Guide  de^  de  Mir«e 
Famille.  Svo.  2nd<fdition.  Paris,  1865.  4»,6d. 

Malg&igne, — Maiiui4  de  Medeeine  Opf^m- 
toiTt.    7e^tion.    1861.    tBmo.    Ca. 


Mftndl. — Anatomie  Microsfopique,  Pan», 
1838-1857,  owm^  tmrnpttU  2  vol*,  in-rolio, 
&VVC  \i2  pUtirhes.   £1^. 

Martin  et  Collittwu.— Di?  k  C^ixalgi©,  de 
sa  Nature,  de  son  Traitement.  Svo,,  afac  80 
flg.     Paris,  1865.    fla. 

Mftunaary  et  Salmon.— Manuel  de  rAit 
des  Aicijticbemeuta,  IKSl.  2e  djrtioci,  8vQ. 
ovcc  32  fig,     6s. 

Kofiiere. — Les  ConanltalioDi  de  Mudame  de 
SeVignd.    8^0.    Paris,  18G4.    2  b,  6d. 

Hsunier. — La  Science  et  Irs  SaTants  en 
1864-6.^.     2  vols.  12mo,     Paris,  1805.     63. 

Hiemayer.— Trait4de  Pathologie  Interne  et 
dc  Ttufrapentique-  Vol,  1.  dr<>,  1865,  Ts.fid, 

Hjitom. — Dii^tionnairp  de  MMecine,  de 
Chirurgie.  de  Pharmjw:je,  dcs  8cience»ac- 
eessoire^  et  de  J'An  Y^l*?Hjii*ire,  12e  oiii- 
ticm.  Onvrnge  tontenant  la  synonjTnie 
mcque^  la  tine,  an  glaive,  allemande,  ila* 
lienne  et  csp»|pole,  et  le  Gloaaaire  de  tci 
diTerses  lniigue«,  ISG-I,  Gr and  8vo-»  aree 
plus  de  ofXl  figures  i  11  terealeea  dans  le  tftxle. 
Demi- relic  XI* 

Peolet  (E.)— Trait^  do  la  Chsle(ir  oonai- 
deree  dans  aea  AppUealiens.  3«  atit  on. 
Paris,  1860-61.     3  vol  grajid  Svo,    £1  16s. 

Baola.^Tmit*  de  Diagnostic  MMiod,  011 
Guide  Clitdqiie  pour  TEtude  des  Signer  r&- 
racteriarique!)  dea  Maladks.  Se  tsliUen* 
I8G4.   1  vol.  18tno,,  avee  17  fig,    fit. 

Beq^nin.^EUmeDts  dp  Pathologio  MMi- 
cale.     Vol.  5,  8vo, 

Serae   des   Court  Xittgralrei Liti^r^- 

tnre,  ^  Phyaiotogte,  —  Theoloj2fifl,  — ^  Elo- 
quence.—Histoj  re. — Legislation.— Est  he- 
ll que.— Archcu  logie- 

SeTna  des  Ooura  Scientiflt^ai.— Phjalqiu?^ 
— ^htinie  —  Horitiiique.^ — Zoolocie. — Ana- 
tomic-— Ph  ysiofoffie. — G^Iogie.—  Pal^- 
ontoiogi  e. — M  nkleci  ne: 

Directeurf  M.  Eug.  Yuugi  chef  de  la  n^ 
dactlon,  SL  Kin,  Atglave. 

Ces  deux  journawx  teproduiient  les  coon 
dea  Fucuhea  de  Paris,  det  departi^tnenU  et 
de  l¥trangef,  et  paraisaeat  tous  lea  famed i* 
depnU  le  5  d^mbre  1863L  On  peal  B*alion- 
tier  separf^ment  h  la  partie  Utl^aira  ou  & 
la  partie  scjentifique, 

Prix  do  chsqua  journal  isolement,  16s. 
par  an. ;  prix  dt^s  deus  joumax  r^unjf, 
26a.  par  an, 

Sobacriptiona  commence  on  III  December 
and  lat  June. 

Sioord.— Lettrei  suf  la  Sjpliitlj,  Se  Mi- 
Uoa.    ISmo,    3s.  6d. 
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Eobert.^Nonreftu  Trait^  but  lea  Mdadli^a 
Vt^rn'j-kninj*.     1861.     8vo,    7b,  6d, 

Boblii  (Cll.)— Progrfltnmo  du  Cours  d'His* 
toLogift  profesae  &  I  a  FfljCuUd  de  M6d«ciii& 
Paris,  lB6i.    4f, 

BoUet. — Recherches  Cliniques  et  Expdri- 
mcnt&les  aur  In  Sypbilia.  \mu  1  voL  Bvo.^ 
flvec  atlas  d&  20  Dgurea,  dotit  10  colorii^es. 

EoUet  (F.)— Tmit^  des  Malfldies  V^a^ri- 
ennes.    YoL  L  Bra.    Paris,  tS65.  69*  Sd» 

EoiO  (H*3 — Trait^  CoTnplei  f!f  Chiraie  Ana- 
Jytique;  tuition  fratj^aise  origiiiHle,  PariSt 
18&9.1S62.   2  vol.  graad  Svo.    £L 

S&UTfil* — Traits  de  Cliinupe  NdTalc,  auivi 
d'pn  H<kuTn(*  da  le^oiifl  8ur  le  Sen'k-e 
Chinirgical  de  la  Fiottc,  pur  le  doctetir  J. 
Roclifird*  Pads,  1861.  8vo„  avec  106  %, 
Gs.  Gd, 

Bchwelg^gtr.^Le^n s  d' OphtlialmMcopi^. 
Svo^  ATftc  3  planches,  Sto,    Paris^  1865,  Ss. 

BleHel.^ — IcOTiographic  Opthulmolopiquef  on 
De?triptioit  ovflr  FiguTG?*  ralorii^^s  dpi 
MaUdiea  ila  rOrgmie  da  la  Tue.  J«52  1859. 
2  ¥oL  grand  ]n*4j  dont  1  vulume  de  teiite, 
et  1  rolume  da  BO  planches  eolori^w.  ReL 
£0  10a. 

Sou«  (0,)  —  Jflauuel  d^Ophthalmoscopio. 
£vo,,  avec  figures.    Parle,  i&05.    3s.  Sd. 

Tardier. — Mimuel  do  Fathologie  et  di^ 
Cliuique  McSlicala,  Bb  iMltian.  16G4t  ISmo. 
6a. 


Tardiitt^^Di  etionn  a  ire  d'  H  jgi  en  »*  Pub  J 1  q  u  0 
et  de  Ba!«brJtd  2e  tkiition.  1862.  4  vol  gr, 
8vo.    ^1  7e. 

Tbomat -  —  EUmenti  d'  Ost^olggie .  D  p  - 
atcriptif^A  ct  Comparee  de  Tlf  mnttie  et  dea 
Animaux  DoraEfitiquca.  Bva^  et  avec  Atla^ 
dui  i:^  pkncbes.    Paris,  l«tJfl.     lOa, 

T&piiuird  (P.)— Do  I'Ataxb  Loeomotricc. 
8vo.    Paris,  1864.    6a.  6d- 

TroTiiieatt,— Clinlquc  Me^licftle  de  rH^>t(?l- 
Diea  de  PaHa,  //ew^icme  iditmn^  corrig^ 
et  augmest^c.  Paries  18C'L  3  voJ.  Hvo. 
£151, 

Tarnoii.— TraStA  Prntique  d^Hjgi&nc  In- 
duslrielle  ft  AdmitiiitratiTfi,  coiiiprciiant 
I'etttde  d«  ctaliJissements  insalubrR*, 
dangereiix  et  tncotnmcMiea.  Paiis,  1S60.  2 
vol  Bvo,    138.  6d. 

Tireliow.— Tmitt  dps  T^naem*,  2  vol.  8to*^ 
avec  fig*    Sous  pnesse. 

Toisin  (A.)  — Do  TKtat  Hental  dans 
IVEcoobflitie  AiptJ  ct  Chroniqiie  et  dans 
rAbiijitbisme.    8vo,    Paris,  1864*    2*,  6d. 

Weeker. — Trait  A  Pratique  dcs  Maladies 
dea  Yeax.  Vol*  1.  Bvo*,  avoc  6  plaiicbcs. 
Paris,  1865.     lOa, 

Watelot  {A,)^Deecrjption  dcs  Plan  tea 
FosalZes  du  Eiuisin  du  Paris.  4to.,  avec 
plancUes,  Livroisotii  1  «t  2.  Pri^c  de 
ehaque  5s. 

Wurti,— Traits  El^mcTitaipe  df*  Cbimiis 
Mddiealc  Orf^nique  tt  InorganlqM,  t  vols, 
»vo.     1 3a.  Gil. 


Juist  p^bliah(^d,  price  lOs.  6d. 
A  PRACTICAL  TREATISE   OJT  COAL,  PETROLEtTM,  AND  OTHER 

DISTILLED  OILS. 
By  Amuamam  QssaxNL,  H,D.,  F.O.a 

Secoad  EditiotJ,  Retia?4  and  Enlarged.     Bj  Geobok  Wklthmw  Gjisksb, 
Consul  ting  Chemist  and  Engineer^ 


TEE  AITATOKT  OT  THE  EXTESITAX  FOBK  OF  THE  HOUSE. 

With  EipLinations  by  James  I.  LtiTONi  M^R.C.V.S, 

The  Plat^  hy  Bngg  and  StaDton,  Fart  L  confaining  9  Plates  and  Erplanatioos.  Laips 
Fobo.  Pric^,  plam,  £1  n».  fid. ;  on  India  Paper*  £2  ds.  Part  !!.»  vitb  4  Flntea  [^l 
of  which,  the  Leg  and  ^outh,  art*  colon r^).     Plat<«  Plain,  14ft ;  roJoti^ed,  £1* 

•^*  The  la«t  Part  of  this  important  work  wiU  be  pablieh<"d  soon  with  the  8to,  toL  of 
Text,  giving  the  Study  of  the  External  Form  of  the  Horse,  and  the  Physiology  of  I 
Locomotion. 
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The  foU owing  Volumes  are  now  pnhlished  : 
MTTLLER'S    PRO^CIPUSS    of    PKTSICS    and    MIETEOBOLOaY. 

Wllti  &aO  Woodcrttts  mid  Two  Co^ounsil  EngTArlnga.    S¥0.    1^ 

'WmiSBACH'S  MECHAKICS   of  MACHIlfEEY   and   ENGIKEEB^ 

XNG.     Jt^jIa^to.     WitL  too  WtMdcijts.     JCi    UJb, 

KKAPPj     KOWAIiDS,     HICHABDSOK,     and     HENBY     WATTS* 

CHKMICAX»  TECaNOXjOQY  ^  or,  L'])<^JiU#try  in  lU  AppUcfttiou  to  the  Arte  and  Hwiufac^Uixw. 

ToL  Im  Partfl  I  iwid  a.  avo.  eoutJMijB— FUEL  m4  It*  ilPPLICATIOKS,    Profui^  lUtutnited  witb  413 
Kngf  urings  Atid  4  FliitM^    £1  IBt. 

YcL  I„  T%rU  2f  and  4*  fa  3  TOla.  Bro.,  oojitalfl— Tho  AT^KALTBS  sod  ACTDS.    Wltli  namcrtn» 
UliUtrKtloiu  on  Wood.    IMS.     £2  Us. 

Thttt  %  T0U,  art  Gitirfijf  fry  Mttm^.  Midttstf^tm  tmd  WoUm. 

FAwr  T.  ra  TBB  r^xm. 
Tot.  n..  fttti.  0Diitihlni-QLAia3»  ALO^»  FOTTEBIl@p  CBHXNTS,  OTFSUM,  &G.    Wit&  muE^ao^ 
niustTKltooi.    £1  liu 

Tol.  III..  8to.   contain i^FOOD   GENEIUXLT  t  BSEAD^  CHEBSl,  TEA,  €0¥WXA,  TOBAOOO, 
MILK,  SUOAH.     Hlth  nmn«rotu  lUustraUona  ujia  Coluiunl  Flutca.    M  ^b* 

QUEKETT'S   (JOUm   PBACTICAIi    TBEATISE    on    the    USE    of 

tho  HICBOSCOF£I.    rhird;KdItioD,  wltli  il  Steel  uad  ujuaaom  WocmI  Ei^giATixigB,    %va,    £l  is. 
FAtr-a    AlfATOMY   of   the   EXTEBNAI.    EOBMS   of    MAN*       For 

ArUsti    EiUtcil  bj  H,  Knoi,  M,D,    aFo.anrian  Atlna  of  2S  Inntec*  4tu*    ritiln,  £1  4ft. ;  OoIodin>1,  £2  Ik. 

GBAHAM'S  ELEMENTS  of  CHEMISTBY,  induding  iho  APPLICATI0N3 

of  tlie  SClKiSCE  in  the  ARTS.    Scconcl  EdLUoo,  wiiL  uaJi}@ti>iH  Woo^po^    S  toIl  ttro,    £J.    ToL  IL 
tfuporutely.    EdlU^d  hi  U.  Watts,  Esq.    £l. 


NIGHOL'S    AECHITECTtTBE    of    tlie    HEAVEKS, 

B^o.  with  2U  Steel  Flatw  aod  m^nf  Wooden  ts.    1851.    ie& 


NiotE     EdiiiOQ. 


MITCHELL'S    (J.)    MANTJAL    of    PBACTICAL    ASSAYIIfa.      For 

ttiu  Um"  of  MetallurgiAts^  CnpUiiiu  of  Mlii»,  mid  Aosajora  In  CiiLMjjeTiLl,    B^coiid  £diilon.  mu<:U  calnrgfld, 

BEBKELEY^S    (Bot,   J.)     INTBOBTJCTIOK     to     CBYPTOQAMIC 

BOTANY'.    IIluBtnitail  wUl}  ciamerDUd  Wood  Eognrdigs,    »vo.    la&T.    £U 

AKATOMY    of    the    EXTEBNAL    POBM    of    th©    HOBSE.      Witt 

Eitplpuintiotia    hy  J,  1,  Litpto^,  M.Ra",V.8,,  and  Pl*tc*  b>    Ba«o  and  trt-A-VTfts.    Tli«-i  Wurk  ^\  TO  b« 
completal in  Tbn*  Fnrta, consiBlinir  of  lii  to  20  Ptatca,  witli  Bxplauntloni,  *iii!  rr  i¥« 

Texlt  gtrtnlt  tba  SttoAf  of  Ihe  B^ternaJ  Komi  of  tho  Houbc  aeuI  Uid  Fhjidologj  of  T  i,^ 

wltli  KIdh  Ft^tw  lyi^l  iRUiil&iinLlDnjB.    I^rge  IqIiq.    Fduo,  plAiDi  £1  Hk  tid. ;  en  ,'  ^x. 

Fmt  n,  with  Four  FtotCB  {Two  of  which,  the  Ltff  mad  MtvutA^  btu  colomvl).    FIaId,  Utt. ;  Cutuajiai,  £i» 

*t*  rfie  ]mt  Vurt  of  tlii«  important  Woik  will  be  pnbllfih^  In  ths  conrwof  l^3j  with  tbeToliin» 
(fni.)  of  Text. 

GAKOT,— ELEMEKTABY  TBEATISE  OH  PHYSICS 
EXFEBIMENTAL   AND    APPLIED. 

Tmntlatol  on  t$ie  Ninth  Orlgjnfit  Bdltkm  b;  Dr.  Atlduion^  of  the  Hoy^  liUitory  CoIIegv,  Sitn^hmaL 
uCKJ  mu^tmttoiii.    FofftHTo,    liAS.    l^k  id. 
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